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THE MODERN DIE BLOCKS 


Electem die blocks are produced in the most ur 
to-date plant in Europe. Furnaces are auto 
matically controlled; the Heat Treatment bay 
designed to ensure absolute accuracy and uniforn 
hardness and every block is individually checked 
Our te hnica! experts are always ready to cal! and 
discuss any die block problem 





WALTER SOMERS LIMITED 
HALES OWEN, NEAR BIRMINGHAM 
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The Wild-Barfield Generated Gas and 
‘Carbodrip’ methods of gas carburising 
ensure minimum carburising time, fastest 
production rates and full quality control. 
Write to us for advice on the application 
of gas carburising for your work. 


ELECTRIC 


FOR ALL HEAT TREATMENT PURPOSES 


Backed by 40 years’ specialist experience 





D-BY Elecfurn, V ra 
wer 
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Exeating Feods 
for 

ExXig ih 
Temperatures 


The high reputation of SILIT Heating Rods 

for Electric Furnaces is of many years’ standing. 

hey are remarkable for their limited amount of “ageing” 

which is amply covered by a voltage reserve 

of only 40% for temperatures up to 1500°C. 

\ salient feature of the SILIT Heating Rods is that butt joints 
between the glowing portion and the connecting ends are avoided. 
Ihe thickened ends are formed by tightly fitting sleeves 

made of the same material as the rods. 


A wide range of Silit Rods of equal diameter throughout 
can also be supplied, diameters ranging from },"- 1}". 


—_— —_— os a 
Siemens-Schuckert | 
(Great Britain) 
Ltd 






Dept S97 
FARADAY WORKS GREAT WEST ROAD BRENTFORD MIDDX. 
Tel SLeworth 7311 Grams : Siemensdyn Brentford Telex No : 25337 


BIRMINGHAM: Tel. Midland 2082 CARDIFF. Tel. Cardiff 72094 GLASGOW: Tel. Central 2635 
MANCHESTER: Tel. Altrincham $29) NEWCASTLE: Tel. Wallsend 6830) SHEFFIELD: Tel. 27218 
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For accurate forgings with high production. .. 





the latest 6 





I 
se LAMBERTON 


HORIZONTAL FORGING and 
UPSETTING MACHINES 


Automatic feeder can be 
provided as special attachment. 


EUMUCO (ENGLAND) LTD 





26 FITZROY SQUARE, LONDON, W.1 Telephone: Euston 4651 
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REFRACTORY CONCRETE 


Refractory table 





readily available are tinding r 


particular 


iral 





v for 


january 


oncrete, and being 





preparath m of 

















special shapes at site 
. THERMAL MAXIMUM 
4 REFRACTORINESS Lain 4 HARDENING TEMPERATURE ibs. Cu. Fe 
TEMPERATURE OF USE 
Stein Refractory ‘ ; 
Concrete . : 
Stein Super : 
Refractory Concrete a 20 6x 
o. 1é 
No. 17 a 200°C 700°C 0 
No. 18 au " B00°C 60 
Stein Chrome . orc 500°C 80 
Concrete 
Use our advisory service based om 70 years experience in the refractory feld—it can improve 
your furnace effict FE 


r further information write 


phone or call 


JOHN G. STEIN & C0. LTD. Bonnybridge, Scotland 


TEL: BANKNOCK 255 (4 LINES) 


1969 
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An outstanding | 
achievement 





3-DIMENSIONAL ee 
MOULD « DIE 
SINKER —_ 


@ MAX. WEIGHT OF DIE BLOCKS ..,.... 1} TONS 
@MAX. WORKING RANGE... . 32”x28"x20" DEEP 


@ POSITIVE 3-DIMENSIONAL SCANNING PRACTICALLY 
ELIMINATING BENCH WORK 


@ LOWEST CAPITAL OUTLAY FOR THIS CAPACITY 


EMBASSY MACHINE & TOOL CO. LTD. 


248 WATFORD WAY, HENDON, LONDON, N.W.4 
Telephone: SUNnyhill 2829 
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Photograph by courtesy of Messrs. Thos. Firth & John Brown Lid, Sheffield 


Brayshaw Town’s Gas-fired 


Bogie Hearth Tempering Furnace 


of the products recirculation type installed 
at Messrs. Thos. Firth & John Brown ‘td., Sheffield 





rhe above illustration is one of many ANNEALING 
installations supplied to leading manufacturer \ HARDENING 
Brayshaw Industrial Furnaces supplied for all TEMPERING 
purposes including + --+-+-<<«<<-«-- | CARBURISING 
FORGING 
Ask ... BRAYSHAW the specialists in | TINNING 
design and construction of GALVANISING 
internationally famous Furnaces. | MELTING 
. by 
BRAYSHAW FURNAGES LTD 1 Gas - Oil - Electricity 
BELLE VUE WORKS MANCHESTER, 1/2 y 
Telephone: East 1046 (3 lines Telegrams: Hardening Manchester 


London Office: 21 Liverpool Street .E.C.2 Teiephone: Avenue 1617 8 
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Quality Production 


me 


Behind the up-to-date methods of manufacture 





by which Gibbons Refractories are made, 

lie a hundred years of experience and 
research at the Gibbons works, in the 
development of furnace linings of 


the highest heat-resisting qualities, 


UDB UE 


SUPERIOR REFRACTORIES 


H.T.1 - ALUMINOUS . SILICA - FIREBRICK 
SILLIMANITE 





Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. 








Another 









TYPE 995 | 
C0 N TI N U OU S LY . A CTI N G This new ETHER TRANSITROL Type 995 


Controller operates in conjunction with 
a proportioning valve. It offers 
continuously-acting proportional control, 


to very close accuracy, on gas or oil- 


T i’ M p ' 4 AT U FE iz . C 0 N T Rg 0 L L E R firing applications and maintains steam 


at a constant pressure under varying 


with manual reset loads. 


Proportional control is also available 


P with the ETHER TRANSITROL Programme 
* Long-term reliability « High accuracy Temperature-Controller which indicates 


« Precision control * Low maintenance and controls temperature to a 
« 7-in. indicating scase pre-determined time programme 














ENQUIRIES, SALES & SERVICE: 
Tyburn Road, Erdington, Birmingham, 24 East 0276-8 
Caxton Way, Stevenage, Herts. Stevenage 2110-7 


Representatives throughout the U.K. 
Agents in all principal countries 

















TEMPERATURE & PROCESS CONTROL EQUIPMENT FOR ALL INDUSTRIES 


BIIC 





THE ‘ROLLMASTER' FORGING ROLL 


faster more accurate pre-forming 





ee, 


Complete portability for maximum forge shop utilization 
° All steel fabrication - Totally enclosed transmissions in oil 
Exclusive : 3 ) ) 
Double helical gearing for smoother drive, more power, longer life 
Fe atures Pre-forming speeds match forging press production rates 
Extra rapid electric control 


Complete range from |\" to 5” square stock 


WILKINS & MITCHELL LTD. | DARLASTON | S. STAFFS | ENGLAND 


1593 Cogent 
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The stock is placed between the rolls and is 
then fed through the dies to the workstop. 
The die then closes, cutting off the stock 
to the required length, and delivers it to 
the heading position. The heading tool 
then completes the forging, which falls 
down the chute on to conveyor. Supplied 
in several sizes and for making balls of 
up to and including 4 in. diameter. 
















No. 2 machine with guards removed 


These machines are made in three sizes. 
The smallest handles bars up to 2 in. 
diameter. The largest size, as illustrated, 
takes bars up to 4 in. diameter. They 
are an invaluable asset to any forging or 
drop stamping plant. 


No. 3 machine illustrated 


We also make 
eight sizes of 
Standard Upset- 
ting Machines to 
take bars from 
1 in. to 6 in. 
diameter. 





MACHINE TOOL WORKS LIMITED 


COVENTRY 
GRANTHAM ROAD, HALIFAX, ENGLAND 


Telephone: Halifax 3234-5 Telegrams: Covmac Halifax 
OVERSEAS AGENTS.— AUSTRALIA: Gilbert Lodge & Co., Ltd., 386 Harris Street, Ultimo, Sydney, N.S.W. CANADA 
Williams & Wilson Lid., 544 Inspector Street, Montreal. FRANCE: Societe Anonyme Alfred Herbert, 1 and 3 Rue du 
Delta, Paris (90). HOLLAND: Esmeijer & Co.. Oosterkade 24, Rotterdam, C. INDIA: Alfred Herbert (India) Ltd.. 
13/3 Strand Road. P.O.B. 681, Calcutta, | NEW ZEALAND: Gilbert Lodge & Co., Ltd., Head Office: 24 Great 
South Road, Newmarket. Auckland, N.Z. (P.O.B. 9194, Newmarket), also at Christchurch and Wellington. PAKISTAN 
Guest. Keen & Nettlefolds in Pakistan Ltd., P.O.B. 819, Bank of India Buildings (3rd Floor), Bunder Road, Karachi 
SOUTH AFRICA AND RHODESIA: Hubert Davies & Co., Ltd... Hudaco House, 7 Rissik Street, Johannesburg 


SPAIN: Gumuzio S.A.. Gran Via 48, Apartado 920. Bilbao KENYA. UGANDA. TANGANYIKA & ZANZIBAR 
Len Cooper Ltd. P.O.B. 3796 Nairobi. Kenva 
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FLEXIBLE SHAFT MACHINE 





jy 


ne 
a 





QUICKER SPEED CHANGE 
LIGHTER TO HANDLE 
EASIER TO MANOEUVRE 
FINER FINISH OBTAINED 


The M300 rs ah entirely new 


machine speciatly designed for 
use in the +oor and in all 
cases whe itn is of paramount 


importar 


Optimum soeeds are 


Deteils from available for cutters in ste>! or carbide ¢ 


B. O. MORRIS LTD., MORRISFLEX WORK BRITOR 
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One of the oldest manufacturers of commercial motor vehicles in this country, 
Albion Motors keep up to date in their manufacturing methods 


by installing the latest and most efficient equipment available. 


An example is the electrically heated Pusher Furnace supplied 


by G.W.B. Furnaces Limited 








APPLICATION Various forgings such as main 
shafts, countershafts, pinion shafts and gear blanks 
are normalised by heating up to 900 C. and slow 
cooled down to 400 500 ¢ 


AUTOMATIC OPERATION The only labour 
required is for placing the components into the 
charge trays at the entrance end of the furnace. By 
pressing a button, the following cycle automatically 
takes place. (1) The entrance door rises. (2) The 
pusher ram propels the loaded tray into the fur- 
nace. (3) The ram returns. (4) Entrance door 
lowers. (5) Exit door rises. (6) Hydraulically oper- 
ated go-getter pulls last tray from exit end of 
furnace on to a cross conveyor. The cross conveyor 
moves the normalised parts to the top of an 
inclined rolier track where the tray is unloaded by 
a tipper, and then returns empty to the entrance 
end of the furnace 


Overall view from charging end of 145 kw Pusher Type Normalising 


Furnace at Albion Motors Limited OUTPUT 600 Ibs. of normalised forgings per hour. 


Gup G.W.B. FURNACES LTD. 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. Telephone: Dudley 55455 (9 lines) 


Associated with Gibbons Bros. Lid. and Wiid-Barfield Electric Furnaces Ltd. Gwe2's 
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CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


Britain’s steelmaking 


High-strength stainless steels Developed for use at elevated 
temperatures 


Spark machining and its development 
RUDORFF 

This article forms part of the symposium held late last year at Birming- 
ham by the NADFS in collaboration with METAL TPEATMENT The 
development of spark machining is outlined and technical aspects of 
spark and spark arc machining with reference to stock removal rate, 
working area and surface finish are discussed 


DIPL.-ING. D. W. 


Nickel - based, vacuum - melted, experimental 
temperature alloys J. H. GITTUS, B.SC., A.I.M. 
Three new vacuum-melted, high-temperature alloys are describe. The 
first of these (M14V) is potentially an additional member of the Nimonic 
series of alloys (Nimonic 110), and the manner in which it was developed 
is described, together with an outline of its general properties. Two 
further alloys, with even higher creep-resistance, are also briefly ¢escribed 
MI5V and MI17V). 


high- 


Application of electron microscopy A simple extraction 
replica for the study of fine-grain phases JAROSLAV JEZEK 


A simplified extraction replica which can, by suitable etching, be used 
to study fine precipitates is described 


Determination of oxygen in steel Melt-extraction method 
in an argon stream kK. ABRESCH and H. LEMM 


The conventional melt-extraction method for the determination of 
oxygen in steel has been modified by having the test samples degassed 
in an atmosphere of argon gas, instead of merely in a vacuum. At the 
same time, the unit weight of a sample has been reduced to 0:5 g. It 
has been found possible to test a substantially greater number of samples 
in one graphite crucible in immediate succession 


Heat treatment of aluminium wire 
Instrumentation 


News 39 People 42 
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MORRIS 


Engines 
Limited 


Hardening of valve rocker shafts at 
Morris Engines Ltd., is carried out 
on Wild-Barfield Progressive 
Hardening Machines. (Note the 
hardness pattern on the rocker arm 
that is being removed.) This is a 
typical application of this proved unit 

the well-known Wild-Barfield 

nge of induction heating equipment, 


Some technical facts. 


This fixture caters for lengths from 1 


longer in special cases, dia- 


om {° upwards depending on 

of Wild-Barfield A.H.F 
Generator used. A simple cam change 
enables any desired hardness pattern to 
be obtained giving hard and soft zones 


required. The construction follows 


nachine tool practice and incorporates 





traverse speed control which, together 
vith power control on the generator, 
nakesthe equipmentextremely versatile. 


WILD-BARFIELD ELECTRIC FURNACES LTD 
(High Frequency Division) 





INDUCTION HEATING 
SPEEDS PRODUCTION 
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Britain’s steel making 


on the open-hearth furnace for the greater part of its total steel output. It follows 

naturally from this that much capital is locked up in these furnaces, a circumstance 
which makes it difficult for those directly concerned to survey impartially the position 
of the open hearth in the changing pattern of steelmaking today. It seems, however, 
that a welcome attempt is now being made to face the problems raised by the increasing 
competition from the newer processes. 


ie i: OR various historical and economic reasons, the British steel industry still depends 


In the British Iron and Steel Federation publication Stee/ Review, October, 1959, an 
article ‘ Revolution in Steelmaking’ acknowledges that ‘. . . For the first time, the 
European and American exporters can supply steel of traditional open-hearth quality 
but made by the lower cost process of oxygen blowing. The use of oxygen instead of 
air for blowing naturally involves a slight increase in conversion costs, but this small 
increase is much less than the differential between open-hearth and Thomas costs.’ 
The writer then goes on to discuss how our traditional processes can be improved and 
describes the application of tonnage oxygen in the open-hearth furnace with its resulting 
fuel economy and increased production. He delicately avoids telling us, however, what 
he considers the future of the open-hearth will be when the present installations come 
) to the end of their working life. 


ie Fortunately, Mr. R. W. Evans, of the Steel Company of Wales Ltd., was more bold 
at the December meeting of the Newport and District Metallurgical Society. Mr. 
Evans considered that with the introduction of converter processes using top-blown 
oxygen such as the LD process into this country, it was very unlikely that many more 
large open-hearth furnaces would be put in any integrated steelworks. The Americans, 
he pointed out, were also of this opinion and it was significant that no open-hearth plant 
was envisaged at the new integrated steelworks about to be built by Richard Thomas 
& Baldwins Ltd. at Llanwern, near Newport. 


>nt. 


* The open hearth is now fighting for its life,’ he declared. ‘ But there is a great deal of 
capital wrapped up in the open hearth and these furnaces have got to see their life out. 
They have got to be made efficient to compete with the top-blown oxygen converter 
processes.’ 


One of the obvious advantages of converter steel-making over open hearth is the question 
of cost. Mr. Evans estimated that for equivalent capacities, a top-blown oxygen converter 
plant would cost not more than two-thirds of the cost of an open-hearth plant for instal- 
lation; the converter took up far less space and had a rate of production with which the 
open hearth could not compete. 


With oxygen injection into the open hearth the cost differential might be reduced, but 
he thought it extremely unlikely that open-hearth plants could be put down for the same 
cost as converters. The quality of LD steel now compared in every way with open 
hearth and he thought the future pattern would be top-blown converters combined, 
perhaps, with one or two small electric furnaces. 


\N In the light of Mr. Evans’s remarks, the Steel Review conclusion that ‘. . . a quiet, but 

none the less positive, revolution is being made in the art of steelmaking ’ seems rather 
an understatement. Let us hope that the steps being taken to catch up with continental 
developments are not too quiet. 
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High-strength stainless steels 


Developed for use at 
elevated temperatures 


FOR SOME YEARS the research and development 
department of the United Steel Companies Ltd. 
has been working in ccllaboration with Samuel 
Fox & Co. Ltd., a United Steel subsidiary, in the 
development of a range of high-strength stainless 
steels for elevated temperature service. 

This work, which has led to the introduction of 
the Jethete series of steels, was initiated because of 
the limitations of existing steels in providing ade- 
quate mechanical strength at elevated temperatures 
combined with good corrosion resistance. It is pos- 
sible, for example, to obtain a wide variety of 
mechanical properties from low-alloy steels, but 
they are insufficiently resistant to corrosion. 

Austenitic stainless steels of the 8°, nickel, 
18°,, chromium type have a good corrosion resis- 
tance but suffer from the major disadvantage of 
low mechanical strength. Similar considerations 
apply to fully ferritic steels, where ductility is also 
poor. By cold working, it is possible to improve 
the mechanical strength of both austenitic and 
fully ferritic stainless steels, but the higher proper- 
ties cannot be retained at elevated temperatures. 


Transformable steels 

High strength can be allied to corrosion resistance, 
however, by means of the transformable group of 
stainless steels. The most widely used steel in this 
group is the low-carbon 12°, chromium steel. This 
has a reasonable combination of mechanical pro- 
perties, but is deficient in strength after tempering 
at 650 C. (which might be required after welding) 
and has relatively poor impact properties. Despite 
these limitations, this steel was selected as the 
starting point in the Jethete series. 

One of the difficulties with the 12°,, chromium 
steel is that it is near the border line of structural 
stability. Chromium is a strong ferrite-forming 
element, and if appreciable amounts of ferrite are 
formed in the structure, the hardening effect is lost. 
By increasing the carbon content, ferrite formation 
can be prevented, but only at the expense of making 
the steel unsuitable for welding and reducing its 
impact resistance. To obtain improved strength, 
therefore, it is necessary to increase the tempering 
resistance by the addition of such elements as 
molybdenum and vanadium. 


As these elements are also strongly ferrite- 
forming, it is again necessary to balance the struc- 
ture. For this reason, the Jethete series of steels 
are low-carbon 12°,, chromium-nickel steels, con 
taining additions of molybdenum, vanadium, 
niobium and other elements as may be required to 
produce the desired properties. 

Jethete M.151 is a low carbon 12°, Cr-No-Mo-\ 
composition, in which the compositiou 1s controllec 
so that the structure is fully av! aitic at solutior 
and welding temperatures. On the other hand, thx 
tempering resistance is not so great as to preven 
softening prior to fabrication. The major use o° 
Jethete M.151 is in sheet form, where it must b< 
capable of softening for fabrication by pressing, bu 
the full mechanical properties can be recovered by 2 
relatively simple heat treatment, which does no’ 
involve too high a solution temperature. 

Jethete M.152 is a development from Jethete 
M.151, having a similar composition but with high 
impact properties and a low transition temperature 
The improved impact level is advantageous wher 
producing large sections. 

While Jethete M.152 represents an appreciably 
increased strength level compared with the straigh' 
12°, chromium steels, there are applications where 
an intermediate strength will give satisfactory 
performance. Jethete M.153 was introduced for 
this purpose. It is a 12°,, Cr-Ni-Mo composition 
with higher impact properties and a slightly lower 
cost than Jethete M.152. 

The high temperature properties of the 12°, 
chromium steels are quite reasonable in the 400-500 
C. temperature range. A need arose for improving 
these properties, however, particularly for use in 
aircraft turbines, and Jethete M.160 was developed 
to meet this demand. This is a 12°,, Cr-Ni-Mo- 
V-Nb composition and the niobium addition pro- 
vides the improved high temperature strength. 

With further increases in aircraft engine tem- 
peratures, the strength of Jethete M.160 becomes 


inadequate, and accordingly Jethete M.210 was © 


developed. This is a 12°, Cr-Ni-Mo-Co-B 
composition, and the latest in the Jethete series, 
although development work continues towards the 
production of other high strength stainless steels 
with still further improved properties. 

Much of this work has been undertaken initially 
in response to problems encountered in the field of 
jet aircraft and guided missiles. Increasing interest is 
now being shown by other industries with analogous 
problems, and these steels are being employed 
in growing quantities for such applications as the 
low-pressure turbine blades in power stations. 


jar 
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Spark machining sympostum 
rite - bd bd ° 
«- | §park machining and its development 
eels 
son 
ye Dipt.-Inc. D. W. RUDORFF 
o-\ This article is the second of a series on spark machining. It forms part of the 
lec symposium held late last year at Birmingham by the NADFS in collaboration 
tior with METAL TREATMENT. The remaining papers, together with the author’s 
the synopsis and discussion, will appear in this journal bi-monthly. Dipl.-Ing. 
oa D. W. Rudorff, director, Sparcatron Ltd., outlines the development of spark 
t be machining and discusses technical aspects of spark and spark arc machining with 
bu reference to stock removal rate, working area and surface finish. He also deals 
by z with the application of spark machining techniques in blanking and forging-die 
not manufacture 
hete 
high 
ure 
vher THE EROSIVE ACTION of the electric spark has been of metal, the spacing of these two pieces, and on 
known for many years, in fact experiments with the nature of the substance in the interspace. 
ably spark discharges can be traced back to the 18th Spark machining exploits the phenomenon that 
ight century. It is only in recent years, however, that voltages as low as 100-200 V. will produce a spark 
here practical use has been made of the discovery that in a hydro-carbon oil across a gap of some 0-001- 
tory a d.c. spark produced between two metals causes 0-002 in. That such low voltages can produce a 
| for greater erosion of the piece which is connected to spark has been explained by the fact that the oil 
tion the positive pole than of that connected to the used is not pure but, in addition to containing 
ower negative pole. This discovery, together with the moisture, is contaminated with colloidal suspension 
observation that the rate of erosion by the spark is of metal and with products of decomposition of the 
12° greatly increased when the spark is made to take il itself. Owing to the effect of the electric field 
500 place in a liquid instead of in air, forms the starting in the gap, these contaminants form bridges which, 
ving point of modern spark-cutting technique. Another although not continuous, nevertheless lower the 
¢ in most important factor is the possibility of pro- dielectric strength of the liquid. Another explana- 
oped ducing spark discharges in electrically non-con- tion is that surface roughness produces strong local 
Mo- ducting liquids by the application of relatively low electric fields which give rise to cold emission of 
pro- voltages across very narrow gaps between the two electrons from the metal. This emission then 
+h. metal parts, one of which, the piece of negative initiates the spark discharge. 
tem- polarity, represents the ‘ cutting ’ electrode whilst Once the spark has been established it would, if 
omes __ the other of positive polarity represents the ‘work- it were allowed to continue over an appreciable 
was piece.’ time (microseconds), tend to ‘ degenerate’ into a 
Co-B It is this circumstance which makes the working stationary arc. This is a different type of electric 
cries, of materials by electric discharges a practical discharge, depending for its existence on thermionic 
s the possibility since it ensures reproduction of the emission which takes place as soon as the part of 
steels . shape of the electrode in the workpiece with a high metal struck by the spark has attained a sufficiently 
degree of accuracy. high temperature. From the electrical point of 
tially view also, spark and arc discharges have different 
Id of Nature of the discharge characteristics in so far as the voltage required to 
est is An electric spark is a sudden transient electric maintain an arc across a given gap is considerably 
ygous discharge which takes place between two pieces of smaller than that required to produce the initial 
loyed metal connected to a source of current supply. spark. 
s the Whether or not such a discharge takes place depends Another extremely important feature which 


upon the potential difference between the two pieces 


characterizes these two types of discharge is that 
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the cross-section of the spark is smaller than that 
of the arc. Thus, for a given energy supplied the 
specific energy released per unit of cross-sectional 
area is many times greater in the case of the spark 
discharge. As a consequence the temperature 
attained in the spark is considerably greater than 
that in the arc. It need hardly be added that a 
stationary arc is not suitable for machining opera- 
tions. 


Relaxation circuit 

Since, as was stated above, an unchecked electric 
spark discharge transforms itself into an arc, the 
question naturally arises how this transformation 
can be prevented and how a source of intermittent 
spark discharges can be provided. 

The simplest device available for this purpose 
is the so-called relaxation circuit in which a capacitor 
is connected to a source of direct current supply on 
the one hand, and to the electrode and workpiece 
on the other. The electrode and workpiece are 
kept apart at such a distance that no spark can 
bridge the gap between the two until the potential 
difference has reached a pre-determined value. As 
soon as the capacitor is connected to the direct 
current source the potential difference between the 
capacitor terminals increases until the break-down 
voltage of the gap is reached. At this point a spark 
discharge across the gap occurs. The capacitor 
now discharges its electrical energy into the gap 
and the voltage at the capacitor terminals falls 
This means that with a capacitor of appropriate 
value the spark will be supplied with electrical 
energy for only a limited period and will not, 
therefore, degenerate into a stationary arc. 

Owing to the unavoidable presence of inductance 
in the leads connecting the capacitor to the elec- 
trode and workpiece, the discharge current does 
not cease abruptly but oscillates about zero, as 
shown in fig. 1. The greater part of the discharge 
energy will be expended in the first half-wave, and 
after a few oscillations the discharge will normally 
cease. The reversal of voltage during the oscilla- 
tion produces, of course, the disadvantage that 
during the periods of voltage reversal the electrode 
is eroded more than the workpiece. While it 


would be quite feasible to prevent this reversal of 


polarity by some means such as a unidirectional 
shunt across the spark gap, in most cases the slight 
increase in electrode wear due to this polarity rc- 
versal is acceptable particularly as the energy 
transferred during the second half-wave is a small 
fraction of the total energy dissipated in the gap. 


There are certain circuits where, in each train of 


discharges, a considerable number of polarity re- 
versals occurs and in such cases, of course, the 
question of increased electrode wear becomes 
important. 
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Surface finish 

In the spark-cutting process the material i 
removed from the work by a succession of spark 
discharges rapidly following each other and taking 
place at whatever point in the gap between elec 
trode and workpiece the electric field happens t 
be strongest. The phenomenon that the spar 
discharges distribute themselves in random fashior 
over the surface of the workpiece is explained by 
the fact that at the point where a discharge, or ; 
number of discharges, has occurred, the gap ha: 
been locally widened due to the formation of ¢ 
crater, and a greater field strength then prevails ai 
another point on the surface of the gap. Whils' 
it was formerly believed that each spark discharge 
took place at a different point on the workpiece, 11 
has now been established that, according to pre 
vailing conditions, up to some 12-14 spark dis- 
charges may take place at a given point before the 
sparking occurs elsewhere. 

A typical feature of spark machining is that the 
spark discharges produce craters in the surface of 
the workpiece, so that a spark-machined surface 
exhibits a pitted appearance as shown in fig. 2, 
and not the oriented scoring associated with 
machining by conventional edge-cutting tools or 
grinding wheels. The greater the energy released 
by the individual spark discharge the larger will 
be the diameter of the crater produced. Since 
greater energy release is synonymous with greater 
material removal, t.e. with a higher cutting rate, it 
follows that the surface roughness as represented 
by the pitting of the spark-machined surface will 
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generally increase with the cutting rate. High 
cutting rate in spark machining therefore repre- 
sents a roughing operation, and a low cutting rate 
a fining or finishing operation. 

A considerable amount of research is concen- 
trated upon evolving spark-machining methods 
with the use of special electric circuits in which a 
high cutting rate is achieved without unduly in- 
creasing surface roughness. This approach is 
based upon the consideration that for a given 
specific energy release per unit of time, the energy 
to be released in the individual spark discharges 


can be made smaller by increasing the number of 


spark discharges taking place per unit of time 
This spark repetition rate, as it is called, is usually 
expressed by the number of individual discharges 
per second. 


The dielectric fluid 

rhere exists, however, a limit to the repetition 
rate which can be achieved without incurring the 
danger of producing a continuous arc instead of 
individual discharges. Apart from limiting factors 
such as the maximum energy that can be released 
per discharge without seriously damaging the work- 
piece surface, there is the requirement that a 
certain length of time must be allowed after a 
discharge has occurred for the dielectric liquid to 
become ‘ de-ionized,’ that is, to lose the electrical 
conductivity which was imparted to it by the 
phenomena of the spark discharge. Also, the 
metallic material removed by the erosive action of 
the discharge and dispersed in the dielectric liquid 
by mechanical forces and evaporation and subse- 
quent condensation, naturally contaminates the 
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liquid and if it is not rapidly removed reduces its 
dielectric strength. Moreover, unless such * debris ’ 
is quickly removed from the gap it will develop a 
short dircuit between electrode and workpiece. It 
goes without saying that even a transient short 
circuit lasting for only a fraction of a second, if 
allowed to occur during a finishing operation, would 
spoil the surface at the point of its occurrence 
It will be appreciated that where large surfaces or 
deep holes of small diameter are to be spark 
machined, the problem of rapid circulation of 
dielectric licuid through the narrow gap in order 
to flush it, is a very formidable one. 





2 ABOVE Craters produced in the 
workpiece with varying energies of 
spark discharge 





3 LEFT Sparcatron equipment using 
rotary d.c. pulse generator 
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The best solution would be to provide a con- 
tinuous supply of fresh dielectric liquid to the 
spark gap but, of course, for practical and economic 
reasons this is not feasible. The usual practice, 
therefore, is to return the liquid from the working 
container in which the workpiece is submerged to 
a settling tank combined with a filtering device. 
The clean liquid is then recirculated to the working 
container by means of a pump. 

Where hollow electrodes are used, passing of the 
dielectric liquid through the electrode represents 
the most efficacious method of flushing the gap. 
With the exception of trepanning operations there 
are not many instances when hollow electrodes can 
be used, and it has been proposed, therefore, to 
use electrodes made of porous sintered metal. 
The dielectric is pumped under pressure through 
the pores to the working zone. In view of the 
small size of the pores of such a material, the 
applicability of porous electrodes must rest upon 
the provision of a highly efficient filter since other- 
wise the porous electrode, which in itself acts as a 
filter, becomes choked very quickly. So far no 
mention has been made of the influence of the 
nature of the dielectric liquid upon the spark dis- 
charge conditions, and a brief explanation of the 
reason why hydrocarbon oils are used in spark- 
machining practice appears to be called for. 

As the term implies, such oils contain hydrogen 
as one of the constituents and, as has been known 
for many years, this element is particularly effective 
in ‘ quenching’ a spark. This quenching effect is 
due to several factors, of which the high molecular 
velocity of hydrogen may be the most significant. 
Experiments have not been lacking to find liquids 
of superior quenching properties, but so far no 
liquid has been found which, particularly from the 
economic point of view, could be considered 
superior to the hydrocarbon oils. Distilled water, 
which is a poor conductor of electricity, has been 
used experimentally, but for practical reasons has 
not found commercial application. 


Energy content of the spark discharge 

In the case of the relaxation circuit, the energy 
dissipated by the discharge of the capacitor will 
depend, of course, upon the amount of stored 
electrical energy. This energy depends upon the 
electrical storage capabilities of the capacitor and 
upon the voltage at the capacitor terminals. For a 
given capacitance, the amount of energy stored is 
proportional to the square of the voltage. From 
this latter aspect it would appear desirable to use 
high voltages in order to obtain high-power sparks, 
but apart from the danger which the use of high 
voltages will entail, larger gaps between electrode 
and workpiece would be required, and machining 
accuracy therefore impaired. Generally, break- 
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down voltages at the gap between electrode and 
workpiece in excess of 250 V. cannot be considered 
desirable. 

Practical experience has established that the value 
of capacitance should lie between approximately 
#; and 300 uF. where the smaller value applies to 
fining operations and the larger to roughing. The 
smaller the value of the capacitor, the more quickly 
will it be charged to a given voltage, and the more 
rapid will be the successions of charging and dis- 
charging cycles that take place per unit of time, 
that is, the higher the repetition rate 

Repetition rates encountered 
from approximately 500 to 
charges sec., according to the 
ployed. In order to adjust the 
a given value of capacitor in t! 
an adjustable ballast resistor 
charging circuit which controls the rate at which 
the capacitor is charged. This ballast resistor also 
ensures that the capacitor voltage falls to zero at 
the end of each discharge, thus preventing a 
stationary arc being formed, and protects the recti- 
fier and transformer through which the charging 
circuit is connected to the mains by limiting the 
maximum current that can flow in the case of an 
accidental short circuit. There remains, however, 
the inherent disadvantage of the relaxation circuit 
that no control of the duration of the spark dis- 
charge or its ‘ cut-off’ is provided. 


practice range 
100,000 spark dis- 
capacitor value em- 
repetition rates for 
e relaxation circuit, 

s placed in the 


Circuit development 


For the purpose of achieving higher ates 
than are possible with the relaxation lit with 
its inherent limitations, circuits have | lesigned 
in which the capacitor is disconnect: some 
switching means from the charging t supply 
source after the capacitor has been charged to its 
requisite voltage, 7.e. the break-down voltage of the 


gap between electrode and workpiece. During the 
period of discharge and for a predetermined time 
after it, the charging and discharging circuits 
remain disconnected from the direct current source 
and a continuous arc cannot be created 

Other circuits have been developed in which the 
capacitor is disconnected from the discharge circuit 
whilst it is being charged. Control circuits of these 
types suffer from the disadvantage that special 
switching means such as thyratrons, ignitrons or 
thermionic valves, as the case may be, must be 
employed. These devices considerably inc-ease the 
cost of plant, need periodic replacement, and are 
not always reliable in operation. The latest trend 
is towards the use of transistors as switching ele- 
ments, a trend which has received encouragement 
from the rapid development of special types of 
transistors capable of high switching power and at 
the same time possessing rectifier characteristics. 
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In cognizance of the fact that with the use of 
capacitors higher cutting rates can only be achieved 
at the expense of a considerable increase in surface 
roughness, the original concept has been re- 
examined that both from the aspect of cutting 
speed and sub-surface damage of the spark- 
machined part, the individual discharges should 
be as short as possible. Surprisingly it was found 
that for a given discharge energy the material 
removed per discharge is considerably larger if the 
discharge time is increased. It has been estab- 
lished that a definite optimum discharge duration 
exists which yields a maximum stock removal for 
a given discharge energy. If the optimum dis- 
charge duration is exceeded the stock removal will 
then decrease. This spreading out of the discharge 
in time naturally decreases the current intensity of 
the discharge for a given energy release per dis- 
charge. 

In striving for the application of high discharge 
energies a stage has been reached where the desired 
discharge duration and repetition rate can be pro- 
duced by rotary generators connected directly to 
the workpiece and electrode without the employ- 
ment of a capacitor. Obviously, neither direct 
current dynamos nor alternators of the conventional 
types are suitable for this purpose, since a pulsed 
direct current with appropriate rest periods be- 
tween the pulses is required. This type of rotary 
direct current pulse generator has been realized in 
the construction of a special machine equipped 
with a commutator and brush arrangement, quite 
different from any conventional design. The dis- 
charge produced by the generator in the gap 
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4 LEFT and 5 BELOW Typical dies 
produced with a rotary spark-arc 
machine 








between electrode and workpiece is of the spark-arc 
type, that is to say, the discharge commences as a 
spark then transforms into an arc and terminates as 
such without exhibiting the undesirable polarity 
reversals encountered with capacitor discharges. 
Using a machine as illustrated in fig. 3 of the kind 
built by the firm with which the author is asso- 
ciated, stock removal rates of 20 g. per minute 
when cutting steel are attained. 


Machining area 


An important point not appreciated by many 
investigators in the early stages of spark-cutting 
development is the variation in the stock removal 
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rate with the surface area being machined. The 
significance of this relationship becomes especially 
pronounced with machines designed for high cut- 
ting speeds. Thus, for instance, test data taken 
with an electrode of } in. dia. on a unit having a 
rating of, say, 10 kW., can hardly be said to convey 
to the user the true picture of the output of which 
his machine is capable when a surface of 100 sq. in. 
is to be machined. Vice versa, the user must not 
expect to be able to utilize the high cutting speed 
quoted for a large surface area when carrying out 
the machining of much smaller areas. Also, 
claims are sometimes made of high rates of stock 
removal in combination with relatively small sur- 
face roughness, without stating that these results 
were obtained using internally-flushed electrodes. 
In these cases the internal flushing is responsible 
for the reduced surface roughness. Assessment of 
the cutting characteristics of a given spark machine 
unit must therefore be based upon the condition 
under which the unit is operating. This applies, 
of course, equally to fining and roughing opera- 
tions 


Electrodes 

Since the spark-cutting effect relies upon the 
presence of a gap between electrode and workpiece, 
it follows that the worked dimensions will deviate 
from the dimensions of the electrode by the clear- 
ances represented by the gap. The cavity pro- 
duced by an electrode will therefore be larger than 


6 Die impressions of this kind are often produced with electrode 
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the electrode volume. This means that in operations 
involving the production of cavities the electrode 
must be made undersized. 

Analogously, there are cases in which the electrode, 
or parts of it, must be oversized. In determining 
the amount of oversizing and or undersizing of the 
electrode required in order to produce a cut of 
specified dimensions, due account must be taken 
of the gap width between electrode and workpiece. 
The gap size will, of course, depend upon the 
operating characteristics of the spark-machining 
unit employed, and upon the operational con- 
ditions to be used for the final cut. Where the 
final cut is a roughing operation the gap width will 
be greater than in the case of a finishing cut. It 
goes without saying that the accuracy attainable in 
spark machining must depend upon the accuracy 
with which the electrode is produced 

Due to the fact that the electrode is subject to 
wear during the machining process, many opera- 
tions require the use of more than one electrode to 
obtain the specified work dimensions, and often as 
many as five electrodes must be used in succession 
to produce the final dimensions of the work 
Sharp corners and fillets will always be produced 
with a small curvature due to the greater wear at 
tip edges of the electrode, but the actual amount 
of corner radius is so small that all requirements of 
blanking-die practice can be met. In forging-die 
practice very sharp corners and fillets are not used 
since they may provide starting points for crack 


made as Mazak castings 
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and would make it difficult to move the plastic 
metal. The accuracy of the spark-cutting process 
here far exceeds the requirements. 

Typical dies produced with a rotary spark-arc 
machine are shown in figs. 4 and 5. Since the 
cost of making electrodes contributes to the overall 
cost of production, the most economic way of 
producing the electrode must be considered in 
every case, having due regard to the required 
electrode accuracy and the number of electrodes 
required in manufacture. Electrodes for the pro- 
duction of die impressions such as those shown in 
fig. 6 are frequently made as Mazak castings, which 
are cheap to manufacture. 

Electrodes with higher wear resistance can be 
made of metals, alloys, or metal mixtures of high 
melting point. Unfortunately, electrodes made of 
highly refractory metals such as tungsten are ex- 
pensive both in material and cost of manufacture. 
Their use, therefore, can be justified only in very 
special cases. 

More conventional electrode materials are brass, 
copper, and a number of sintered low-cost alloys. 
A considerable volume of research is in progress 
aiming at the development of electrode materials 
combining wear-resistance, low cost of material, 
and ease of fabrication to the required shape. 

Naturally there are cases in which the manu- 
facture of the electrode will take the ingenuity of 
the toolmaker, but it must be remembered that it 
is always easier to produce the male form of elec- 
trode than the corresponding female die impression. 
Also, an electrode material such as brass is much 
easier to machine than the material of the die 
block. Once the prototype electrode has been 
made it can be reproduced in the required number 
without difficulty, and at low cost. Reproduction 
can be effected by a number of conventional pro- 
cesses such as precision casting, ordinary casting 
methods, die casting, etc. Where considerable 
numbers of exactly similar dies are to be produced 
as, for instance, in drop forging of highly refractory 
material which causes excessive die wear, it has 
been found advantageous to provide a master die 
to be used solely for the hot stamping of brass or 
copper electrodes. The dimensions of such a 
master die must, of course, make allowance for the 
required deviation of the electrode dimensions 
from those of the cavity to be produced by spark 
machining. 


Making dies and moulds 

The applications of spark-machining technique 
to the manufacture and maintenance of dies and 
moulds can be classified under the following 
headings :— 

(1) The stinking of complete dies and moulds in the 
solid block without pre-machining. For this purpose 
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either complete electrodes may be used, or where 
complex shapes are required the electrode may be 
split into easily machined components, each of 
which may be applied in turn. In the past this 
application may have been somewhat handicapped 
by the low rates of metal removal that could be 
achieved by spark machining. It can be confidently 
expected, however, that with the much higher 
cutting speeds now available with the spark-arc 
machining process employing the special generator 
already referred to, the technique of sinking com- 
plete dies will rapidly gain in importance, and the 
size of a die will cease to be a limiting factor. 
When sinking the complete die in this way the 
finishing of the die impression is carried out by 
spark machining in order to attain the required 
surface finish. It should be pointed out that the 
fact that the surface exhibits a very large number 
of minute cavities after spark machining actually 
promotes the retention of oil so that a minimum of 
oil need be used where it is necessary to prevent 
sticking of the forging to the die. As is well known, 


quantities will shorten die life and may initiate 
small cracks (checking) which eventually increase 
in size. 

(2) The finishing of spark machining of dies and 
moulds which have been pre-machined by conventional 
methods. In these cases it is usual to leave 0-015- 
0-02 in. all over for removal by spark machining. 

3) Repair, correction or modification to die and 
moulds. Broken-down dies can be re-sunk in the 
hardened state by sinking down 0-01-0-02 in. to 
whatever depth is necessary for the removal of the 
damaged surface. 

4) In clipping tools the spark machining of the 
Stellite-faced aperture. 


Electrode feed control 

The mechanism provided for controlling the 
movement of the electrode relative to the workpiece 
forms a vital part of the machine. It must main- 
tain the very narrow gap between electrode and 
workpiece at its prescribed magnitude, and its 
movements must be carried out with a minimum 
of hunting and or over-shooting. The mechanism 
must also be capable of opening the gap rapidly 
when, owing to occasional choking of the gap with 
debris, arcing tends to develop. This is especially 
important in fining operations where, as mentioned 
before, one occasional arc may completely spoil the 
surface. On the other hand, the control must 
ensure that there is minimum interruption of the 
trains of successive discharges. Each interruption, 
of course, represents a corresponding increase in 
the times required to complete a given operation 

In the original form of electrode position control 
the electrode was attached to the core of a solenoid 
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and its position governed by the current through 
the winding of the solenoid. This arrangement had 
to be discarded at an early stage of development 
owing to the large forces required to control heavy 
electrodes with the accuracy demanded in machine- 
tool practice. Modern electro-erosion units are 
generally equipped with electric, pneumatic or 
hydraulic power mechanisms actuated by a pilot 
device which responds to an error signal derived 
from the electrical circuit of the machine. There 
is, of course, no limit to the weight and size of both 
electrode and workpiece for which spark machines 
can be built to meet special requirements. 


Future developments 


The spark machine, in common with other 
machining equipment, will be required to conform 
with modern automation techniques. The present 
spark machine requires little attention from an 
operator after setting up, but a stage of develop- 
ment can be envisaged when the spark machine 
will be programmed to carry out a series of both 
roughing and finishing operations completely un- 
attended. These developments, combined with 
faster metal removal and finer finishes, represent 
big reductions in machining costs, coupled with an 
increasing field in which spark machining can be 
successfully employed. 


AUTHOR’S SYNOPSIS 


Mr. D. W. Rudorff, delivering the synopsis of 
his paper, said that from the user’s point of view 
the manufacture of the electrodes, the cutting rate 
and the surface finish produced were matters of 
high importance, since they determined not only 
the applicability of the process but also its economy, 
which in the end was a most important point. 

In the spark-cutting process the material was 
removed from the work by a succession of spark 
discharges rapidly following each other. The 
greater the energy released by the individual spark 
discharge, the larger would be the diameter of the 
crater produced. Thus there was a direct influence 
upon the resulting surface roughness. It could be 
said, therefore, that since greater energy release 
was synonymous with greater material removal, 
that is with a higher cutting rate, it followed that 
the surface roughness as represented by the pitting 
of the spark-machined surface would generally in- 
crease with the cutting rate. High cutting rate in 
spark machining therefore represented a roughing 
operation, and a low cutting rate a fining or finish- 
ing operation. This was a fundamental charac- 
teristic of the spark process and everyone was 
trying very hard to overcome it, but there was a 
limit to which this could be achieved. This was 
essentially one of the reasons why so much effort 
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was being concentrated upon developing new 
circuits. 


Electrodes 

Dealing with electrodes, Mr. Rudorff explained 
that since the spark-cutting effect relied upon the 
presence of a gap between electrode and work- 
piece it followed that the worked dimensions would 
deviate from the dimensions of the electrode by 
the clearances represented by the gap. The cavity 
produced by an electrode would therefore be larger 
than the electrode volume in its worn state. This 
meant that in operations involving the production 
of cavities the electrode must be made undersized. 
Analogously, there were cases in which the elec- 
trode must be oversized. In determining the 
amount of oversizing or undersizing, account must 
be taken of the gap width between electrode and 
workpiece. The gap size depended on the voltage 
at which the machine was operating. Where the 
final cut was a roughing operation, the gap width 
would be greater than in the case of a finishing cut. 
It went without saying that the accuracy attainable 
in spark machining must depend upon the accuracy 
with which the electrode was produced. 

There were several electrode materials available 
which were easily machined but did not show 
desirable characteristics in other aspects. There 
were other materials which had admirable wear 
resistance, but which unfortunately were very ex- 
pensive. A considerable amount of research was 
under way to determine which electrode material 
offered the best compromise. In view of the great 
number of alloys which could be used, it was 
naturally very difficult to lay down a systematic 
research programme. It was also very difficult to 
determine from the outset which was the most 
promising material 


Manufacture of dies and moulds 

As regards the applications of spark-machining 
technique to the manufacture of dies and moulds, 
he had classified these applications under three 
headings. The first was the sinking of complete 
dies and moulds in the solid block without pre- 
machining. For this purpose either complete elec- 
trodes might be used, or where complex shapes 
were required the electrode might be split into 
easily machined components, each of which could 
be applied in turn. In the past this application had 
been rather handicapped by the low rates of metal 
removal which could be achieved. 

Mr. Rudorff mentioned at this juncture that 
when spark machining got under way rates of metal 
removal of 1, 1} or 2 g. were achieved. Today a 
metal removal rate of 20 g. or even more had 
been reached. This major progress had the greatest 
importance as regards the production of large 
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cavities. There was hope that even higher rates of 
metal removal would be achieved so that larger 
cavities would not have to be pre-machined and 
then finished by spark machining, but could be 
produced directly from assault forging. 

The roughness of the surface produced depended 
upon the rate of machining. The aspect of surface 
roughness was rather pertinent, first because it was 
difficult to measure, since it presented quite dif- 
ferent characteristics from an ordinary machined 
surface. Secondly, there were all the aspects of 
what was the best surface which should be used for 
a given purpose. In the use of spark-machined dies 
the very large number of cavities produced by the 
spark machine process should actually promote the 
retention of oil so that a minimum of oil need be 
used where it was necessary to prevent sticking of 
the forging to the die. It was well known that as 
little oil as possible must be used, since excessive 
quantities would shorten die life and might initiate 
small cracks (checking) of the die which would 
eventually increase in size and spoil the die. 

The second application was the finishing by 
spark machining of dies and moulds which had 
been pre-machined by conventional methods. In 
the past that had been the main method because 
the cutting speeds were insufficiently high to under- 
take very large machining operations. Where finish- 
ing off was carried out by spark machining it was 
usual to leave 0-015-0-02 in. all over for removal 
by spark machining. 

The third application was the repair, correction 
or modification to die and moulds. Broken-down 
dies could be re-sunk in the hardened state by 
sinking down 0-01-0-02 in. to whatever depth was 
necessary for the removal of the damaged surface. 

In passing Mr. Rudorff mentioned that the spark- 
machining process was very little concerned with 
the hardness of the material to be spark machined. 
In other words, the rate of removal was not directly 
connected with the hardness, which was of the very 
greatest importance, since it made it possible to 
spark machine materials which could not be 
machined by any other method. 

The fourth application was in the case of clipping 
tools where the Stellite-faced aperture could be 
machined by the spark process. 


Future possibilities 

The future was very difficult to forecast. Mr. 
Rudorff thought, however, that in common with 
other machining equipment spark machining would 
have to conform with modern automation tech- 
nique. ‘ Automation’ was a frequently used ex- 
pression. In the past many processes had been 
carried out by automation, but it had not been so 
called. There should be definitely a very promising 
application of the known types of machine. How- 
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ever, it was a little too early to advance to that 
stage until the rates of metal removal in major 
machine operations had been further increased. 

The present spark machine required little atten- 
tion from the operator after setting up, but a stage 
of development could be envisaged when the spark 
machine would be programmed to carry out a 
series of both roughing and finishing operations 
completely unattended, which was what automation 
meant. Looking back over the seven or eight years 
since spark machining came into existence in this 
country, it could be said that the spark-machining 
unit had made remarkable strides. Much further 
work had to be done to accelerate the development 
of larger spark-machining units and of specialized 
spark-machining units. As with every modern de- 
velopment, it required much co-operation from the 
user, because manufacturers must know what the 
user wanted and in new developments there was 
sometimes the difficulty that the user did not know 
what he wanted because he did not know of what 
the machine was capable. 


DISCUSSION 


Mr. F. C. Bird (Walter Somers Ltd.) said that 
he was sure that many delegates would wish to 
thank Mr. Rudorff for preparing his paper and 
attending the symposi.m. Everyone would have 
appreciated that Mr. Farley had dealt with theo- 
retical aspects, whilst Mr. Rudorff’s contribution 
had summarized each of the various factors in a 
simpler form which could be grasped readily. 

Certain points occurred to him as an outsider for 
comment. First, there were limitations which must 
be accepted. The voltage which controlled the 
energy was itself limited by the gap which could be 
permitted. If the voltage was to discharge itself at 
a certain limited gap, that was an end of the matter. 
One either went for a rough surface and a dan- 
gerous voltage or had to tolerate this limitation. 

Secondly, it had been mentioned that capacitors 
varied from ;; to 300 uF. He had not grasped 
whether that was due to a series in the size of the 
machine, whether there was a variation possible in 
the capacitance of an individual machine according 
to whether roughing or finishing was being carried 
out, or whether it was necessary from a variation 
in the size of the piece being dealt with. Did it 
regulate itself automatically when a small piece was 
being dealt with, or was it necessary to apply some 
control of the gap or of the voltage at which the 
capacitor would discharge in order to ensure that 
the operating conditions for a small piece were 
similar to those of the largest piece the machine 
could accommodate from its circuity and capa- 
citance ? 

It was stated that it was now known that 12-14 
spark discharges could take place at one point 
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before the crater produced was sufficient to divert 
the spark to an adjacent area. Was that inevitable ? 
Would the spark always concentrate for 10-14 
repetitions before the difference in the electric field 
was sufficient to divert it to a minute hillock on 
either side of it ? 

Mr. Bird raised a query on fig. 2. Was the 
illustration full size, or was it magnified or reduced ? 
How were the values in microfarads related to 
surface finish ? 

Mr. Rudorff had pointed out that it would be 
very unwise to take test figures on a }-in. dia. rod 
and seek to apply them to a target area of 100 sq. in. 
Therefore, there must at some point come into 
question the useful range at which any machine 
could be utilized. There must come a practical 
point at which a would-be purchaser purchased 
either a machine which was too large for 60°,, of 


his work or one which was too small for 40°,, of 


his work. This was a very practical issue, unless 
there was some possibility of varying the energy 
available in relation to metal removal and surface 
finish. 

Mr. Rudorff, replying to the questions asked by 
Mr. Bird, said that there was a maximum voltage 
which could be used. Obviously, the higher the 
voltage the larger must be the gap for a given di- 
electric. The larger the gap, the greater the 
difference between the electrode and the work- 
piece, and accuracy was also affected. Further- 
more, the use of high voltage was a disadvantage. 
No one liked to play with high voltages, particu- 
larly in machine shops. Voltages must, for this 
reason also, be confined to a reasonable range. 
Five thousand volts could produce enormous rates 
of metal removal. The power released by lightning 
illustrated the extent to which power could be 
increased by voltage. Therefore, the practice was, 
for reasons of safety and also for reasons of gap 
rate, not to go higher than 200 V. Although some 
machines had been operated with voltages of 500 V. 
or even higher, in general it had to be accepted 
that there was a definite voltage limitation. One 


way of being able to employ higher voltages, if 


required, would be to use a dielectric liquid of a 
higher dielectric strength, because the higher the 
dielectric strength of the liquid the higher could be 
the voltage used to bridge the gap. 

Turning to dielectrics, Mr. Rudorff said that so 
far they had been confined to the use of hydro- 
carbon oils. They had certain advantages, both 
from the electrical point of view and from the point 
of view that they were non-corrosive. It was 
possible to use distilled water, but water was 
corrosive. : 

Capacitors ranged from ;, to 300 uF. It was 
pointed out in the paper that the power supplied 
to the gap and the machining rate depended on the 
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capacity in farads and on the surface roughness. 
A higher storage capacity and a large condenser 
were needed for a roughing operation. For fining 
operations, a smaller amount of power was supplied 
to the gap, and consequently a smaller capacitor 
was used. Since all machines now in use must be 
controlled as far as surface roughness and cuiting 
rate were concerned, machines were equipped with 
capacitors of various sizes and these were switched 
on as required. In other words, if a roughing 
operation was to be carried out the condenser 
capacitance was drawn into the circuit. If it was 
a fining operation, only a small size capacitor 
was used. It was thus possible to control the 
surface finish within quite close limits, because the 
operator learned from experience which surface 
roughness resulted from the use of a given capacitor 
size. It was not possible to generalize or give 
specific data, because surface finish depended also 
upon the nature of the material to be worked. 
Mr. Rudorff emphasized that the usual spark- 
cutting machine had a range of condensers which 
could be switched on at will. 

Mr. Bird had asked whether the capacitance to 
be used was related to the size of the piece. The 
capacitance to be used was related to the cutting 
rate to be achieved, and this was related to the size 
of the surface area to be worked. Roughing opera- 
tions on areas of 10 sq. in. and 50 sq. in. could 
be carried out without changing the size of the 
capacitor. 

Mr. Bird’s next point had been the number of 
individual spark discharges which occurred at a 
given point. The figure of 12-14 discharges per 
point was very approximate. It depended entirely 
on the prevailing conditions—for instance, the type 
of dielectric, the type of material under inductance 
at the material time, and the size of the capacitor 
employed. The working conditions prevailing dur- 
ing a roughing operation would be quite different 
from those prevailing during a fining operation. 
Mr. Rudorff did not know how to answer the 
question whether this number of discharges was 
inevitable. There was no reason why it should be 
avoided, because the final surface required and the 
cutting rate required were the determining factors. 
How it was produced was a matter for the m2chine. 

As regards the size of the tool she«>: in fig. 2, 
although not positive, judging from tie numerals 
Mr. Rudorff thought that it was practically full 
size. The illustration was meant to convey only an 
idea of how surface roughness was influenced by 
the size of the condenser or the capacitor used. It 
was clear from the illustration that 112 uF. produced 
a very rough surface, whilst going down the capa- 
citor size the surface obtained became better and 
better. There was a practical limit below which 


one could not go. 
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Area of limitation was another interesting ques- 
tion raised by Mr. Bird. As stated in the paper, 
the cutting rate was influenced by the surface area 
to be worked. If it was a very small surface area, 
obviously too much power could not be supplied 
to that surface area, otherwise it would be saturated 
to such an inordinate extent that an arc would be 
produced. Every machine was equipped with 
some type of control gear which related the power 
input into the electrode and the workpiece gap. 
There was no area of limitation in that respect. 
All that was required was to re-adjust the machine 
so that it worked properly. The operator knew 
from experience to what power input he could go 
for the surface area to be worked. 

Mr. R. Asford (Newey Brothers Ltd.) asked 
whether there were any harmful effects to the 
operator from the impurities in the fumes given 
off during spark erosion. 

Mr. Rudorff recommended that an effective ex- 
haust should be provided for every spark machine. 
The gases produced when using paraffin oil were 
definitely toxic. It was absolutely necessary, 
especially with high cutting rates, that provision 
should be made to ventilate the room in which the 
machine was located. Better still, a direct exhaust 
should be installed over the machine so that the 
operator did not inhale any fumes. It was also 
better that the machine was sheltered against the 
working tank so that the operator did not put his 
nose over the tank and inhale fumes. An operator 
might get away with it for a certain length of time, 
but to make it a habit to sniff the fumes was not 
recommended, because the vapours were definitely 
toxic. 

Mr. G. Nation (Walter Somers Ltd.) said that 
one of the major problems of spark machining 
seemed to be removal of debris from the gap. 
Would it not therefore be logical to turn the 
machine upside down, thus raising the electrode to 
the workpiece rather than lowering the electrode 
on to the workpiece ? 

Mr. Rudorff replied that it was possible to turn 
the job,round and work from the bottom up, but 
this was not so easy from the operator’s point of 
view. The problem was connected with the 
geomeiry of the workpiece. It was obviously very 
difficult to extract the debris from a very deep 
cavity of very small diameter. Wherever possible, 
the electrode should be made hollow and then it 
could be flushed. In many cases, indeed most 
cases, this could not be done because the job would 
not permit it. 

Attempts had been made to overcome the diffi- 
culty by removing debris by other methods. It was 
interesting to note that one of the methods pro- 
posed was to subject the electrode to ultrasonic 
vibrations, because ultrasonic vibrations were very 
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effective in dispersing very fine corroded metal. 
It must be borne in mind that a very large amount 
of the debris produced by the spark machine pro- 
cess was in a colloidal form. If it was a colloid, 
the colloid did not drop out if the job was turned 
upside down. It was a question of flushing. 
Flushing would not be increased by working from 
the underside of the workpiece. This subject had 
been studied in industry, but it was still a very 
difficult problem. 

Dr. H. Obrig (Aachen Technical College, Ger- 
many) said that it was emphasized in Mr. Rudorff’s 
paper that flushing caused a better machining 
process, but experiments at Aachen had shown 
other effects. At first it could be said that an 
increase in surface finish was to be secured by 
flushing, but from this followed a decrease in stock 
removal. Fig. 16 of Professor Opitz’s paper* 
demonstrated that the distortion of the shape of the 
engraving was caused by flushing. In addition to 
this, there were interruptions of the machining 
process and short arcs were observed when flushing 
was installed. This led to the conclusion that the 
debris drawn into the gap made it very wide. 
Flushing by cleaning the electric fluid caused, in 
accordance with the dielectric strength of the fluid, 
a very narrow gap. This led to the consequence 
that feed control became difficult; the particles 
being removed blocked the gap, and so the arcs 
caused a much higher wastage. 

Mr. Rudorff said that it must not be forgotten 
that the effect depended very largely upon the 
intensity of flushing. It was known that experi- 
ments had been made to flush the gap under 
extremely high pressures, which was a different 
matter from merely ensuring an efficient cleaning 
of the gap without going to extremes. In addition, 
the flushing rate was to be related to the power to 
be used. It was possible that there were conditions 
in which the surface finish was not improved by 
flushing, but it all depended upon the specific job 
and the specific conditions. He thought that in 
general his statement that it improved the surface 
finish would hold true. Everyone knew that so 
far only a very small field of investigation of spark- 
machining technique had been covered. As the 
range of investigations, both in industry and in 
research laboratories, was extended it was possible 
that results would be obtained which conflicted 
with previous conceptions. It must be realized 
that experience was gained in a limited range. 
Much more research material would have to become 
available before a statistical survey of the various 
phenomena could be made. 

Mr. P. L. Taylor (Guest, Keen & Nettlefolds 


** Metallurgical aspects and surface characteristics,’ 
by Prof. Dr.-Ing. H. Opitz, will be published in METAL 
TREATMENT this year. 
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(Research)) asked for further information about the 
rotating pulse generator. He had been most 
interested in Mr. Rudorff’s remarks about this 
machine. He had quoted a cutting rate of 20 g. min. 
Had he noted high-wear ratio or a large amount of 
wear of the electrode with this high cutting range ? 
Was there much surface damage to the workpiece ? 
Roughness of the surface had been mentioned, but 
he believed that sometimes the surface below was 
affected by changes in the crystalline structure. 
Had this been observed with this high cutting rate ? 

Mr. Rudorff said that a distinction should be 
drawn between surface roughness and surface 
damage. As regards surface roughness, the same 
fine finish could not be achieved with an impulse 
generator as could be achieved by a relaxation or 
any other circuit, in which a much higher number 
of impulses per second was used than with a rotary 
machine. The number of impulses which could 
be produced in a rotary machine was limited for 
mechanical reasons. 

On the question whether the sub-surface damage 
was so very great, Mr. Rudorff said that rotary 
impulse machines gave a much higher output, that 
is a much greater cutting rate. As the material was 
treated more roughly, it was affected more and 
more in depth. The increase in damage with the 
amount of power supplied to the gap was by no 
means linear. In other words, if the power was 
doubled the effect on the sub-surface structure was 
not necessarily doubled. 

Electrode wear was surprisingly small considering 
the very great increase in cutting rate produced 
with the rotary machine. It would be impossible 
to produce stock removal rates with large capacitors 
which would not wear away the electrode in the 
minimum of time. With relaxation circuits it 
would not be possible to work with these very 
high powers. 

Mr. G. P. Welch (Wolverhampton Die Casting 
Co. Ltd.) stated that his company was very inter- 
ested in the use of zinc alloy pressure-die castings. 
What was Mr. Rudorff’s experience in this field ? 

Mr. Rudorff replied that his experience was very 
favourable. This opened up very wide possibilities for 
spark machining. There were no difficulties about 
producing such dies by the spark-machining process. 

Mr. A. A. Chempin (Turner Brothers (Birming- 
ham) Ltd.) asked what was the difference in 
economics of cutting time between a 10-kW. 
machine and a 100-kW. machine in relation to 
size of material used ? 

Mr. Rudorff said that so far no 100-kW. machines 
had been produced, so no one knew what it would 
do. It would be very difficult to forecast what it 
would do. It must be realized that in spark-arc 


machining there was one discharge at a time. 
The power which could be passed through that 
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single discharge was limited. If too much power 
was passed through the gap, the material would 
simply burn away. It would simply arc. It was 
a very interesting possibility that with a 100-kW. 
machine, since the power of discharge was limited, 
the electrode could be split into various components 
insulated from each other. In this way various 
electrode areas could be supplied individually with 
power from that machine. In place of one dis- 
charge at a time, five, ten or any number of dis- 
charges which was in conformity with the number 
of subdivisions of the electrode would be produced. 
The larger the machine the more expensive it must 
necessarily be. The job to be performed dictated 
the size of machine to be used once one went above 
10 or 20 kW. He could visualize a machine of 
very large power which operated with individual 
circuits by the use of the subdivided electrode. 

Mr. Mills (Dudley Drop Forgings) asked for 
Mr. Rudorff’s opinion on the future of the process, 
particularly with regard to the drop-forging in- 
dustry. With continued development did Mr. 
Rudorff consider that conventional machining 
methods would be completely replaced by the 
spark erosion process ? What further developments 
could be expected over the next ten years ? 

Mr. Rudorff said that it would be a bold man 
who prophesied whether conventional machining 
would be ultimately completely displaced by a new 
process. In so many fields of engineering there 
had been a new development which had promised 
very well and had found a very large field of appli- 
cation. Yet somehow conventional machining 
methods were used alongside it, because production 
conditions, machining conditions, shop conditions 
and various other conditions were so different that 
there would always be cases where one machine or 
another machine did not fit in. He could not 
commit himself to stating that ultimately no con- 
ventional machining methods would be used any 
more in the manufacture of dies for drop forging, 
although he naturally hoped that that would be 
the case. 

There was no doubt that as cutting rates were 
increased the application of the spark-machining 
process would increase very greatly. There might 
also be cases where the development of a new die 
material would call for the specific application of 
spark machining. Everyone knew that die materials 
did not last for ever, and particularly with various 
special materials such as those used in gas turbines 
and the nuclear industry there were processes in 
which the die wore out very quickly. If die 
materials which would last much longer could be 
developed, it was probable that such materials 
could not be worked by conventional machining 
methods. That was where spark machining would 
have a field for itself. 
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Nickel-based, vacuum-melted, 


experimental high-temperature alloys 


J. H. GITTUS, B.Sc., A.1.M.* 


Three new vacuum-melted, high-temperature alloys are described. The first of 
these (M14V) ts potentially an additional member of the Nimonict series of alloys 
Nimonic 110), and the manner in which it was developed is described, together 
with an outline of its general properties. Two further alloys, with even higher 
creep-resistance, are also briefly described (M1\15V and M\7V). The approximate 
temperatures in “C. at which these alloys will sustain a load of 7 ton/sq. im. 
(15,700 /b.) for over 30 hours before breaking are: Nimonic 105, 950; M14V, 980; 
MI5V, 1,010; M17V, 1,040 °C. Some details of two new vacuum-melted, cast, 
high-temperature alloys are also given. One of these (M6VC) has stress-rupture 
properties similar to those of M17V. The other (MAVC) exhibits a unique 
combination of high creep strength and reproducibility of stress-rupture properties 


Since 1940, when the Nimonic series of nickel- 
base, creep-resisting alloys was introduced, con- 
tinued development of alloy compositions and 
manufacturing techniques has, at intervals, cul- 
minated in the commercial production of a new 
alloy, superior to its predecessors. Initially, alloys 
of this type were produced by air-melting tech- 
niques, but advantage has recently been taken of 
vacuum-melting, to produce alloys of higher 
properties than those known hitherto. The present 
paper describes some of the results which have 
been obtained from three experimental vacuum- 
melted, wrought alloys, designated M14V, MI5V 
and M17V, and two cast alloys, M4VC and M6VC. 

A skeleton data-survey is presented for MI14V. 
The properties of MI5V, M17V, M4VC and M6VC 
are also described, albeit more briefly, since less is 
known about them at present. 


* The Mond Nickel Co. Ltd., D. and R. Laboratory, 
Birmingham. 

+ ‘ Nimonic’ and ‘ Nimocast’ are registered trade- 
marks of Henry Wiggin & Co. The vacuum-melted 
alloys described in this paper are the subject of patent 
applications for which the right to apply has been 
assigned to the Mond Nickel Co. Ltd. 

The subject-matter of this paper is based largely on a 
lecture delivered by the author to a Conference on 
Vacuum-melting at Shefficld University on July 1, 1959. 
Since then pilot-production of M14V and MI15V_ has 
been successfully undertaken by Henry Wiggin & Co., 
who have provisionally designated them EPK.10 and 
EPK.13 respectively. 


General characteristics of the Nimonic 
Ni-Cr alloys 

The Nimonic alloys are nickel-based and contain, 
as important constituents, chromium, titanium and 
aluminium. Other elements, such as cobalt and 
molybdenum, may also be present, but their effects 
are, in some respects, equivalent to those of nickel 
and aluminium respectively. 

After suitable heat treatment, precipitated phases 
appear which contribute towards the creep-resist- 
ance of the alloys. Amongst these precipitates, 
those of the Ni,(Ti,Al) type are commonly believed 
to be the most important. The Nimocast Ni-Cr 
alloys are generally similar in composition and 
constitution to their wrought counterparts. 


The vacuum-melted experimental 
alloy M14V 


By the simple procedure of remelting and casting 
in vacuo the stress-rupture properties of Nimonic 
Ni-Cr alloys can be substantially improved. 
Examples are quoted in Table I, for Nimonic 90 
and Nimonic 105. The alloys were remelted in a 
Balzers VSG 25 vacuurm-furnace at lv pressure, 
and cast at 1,500°C. Evidently the major improve- 
ment conferred by vacuum-melting has been a 
substantial increase in the elongation-at-fracture. 
Initial investigations soon revealed that, by appro- 
priate compositional modifications, substantial im- 
provements in stress-rupture life also could be 
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1 Variation of stress-rupture life with alloying element 
content for vacuum-melted and air-melted alloys 


obtained by the use of vacuum-melting techniques. 
Thus, graphs of stress-rupture life versus alloying- 
element content (e.g. Ti, Al, Mo, Cr) commonly 
exhibit a peak, maximum life being attained at a 
specific composition. In vacuum-melted alloys the 
peak is generally moved to a higher alloying- 
element content, with accompanying improvement 
Taste! Effect of vacuum-remelting upon the stress- 


rupture properties of Nimomc 90 and Nimonic 105, 
Ni-Cr alloys 























After 
As air- vacuum- 
Stress melted remelting 
Alloy ton, |Temp. 

sq. in Cc. Life | El.:| Life | El 

h. h. 
Nimonic 90 9 870 51 8 93 33 
Nimonic 105 7 940 80 * 10 120 25 


Each result is the average of 3-5 tests. 


in stress-rupture life. This is illustrated in fig. 1, 
where alloy A has the optimum composition for 
air-melting, and alloy C has the optimum com- 
position for vacuum-melting. By vacuum-melting 
alloy A its life is increased slightly (‘ B’), but air- 
melted C has poor properties (‘D’) because its 
alloying-element content is well above the optimum 
for air-melted alloys. 

From this work emerged MI4V, an alloy with 
conspicuously better high-temperature properties 
than the strongest commercially-available Nimonic 
alloys. MI14V is likely to become the next member 


Taste II Stress-rupture properties of M14V compared 
with those of Nimonic 105 


Stress (ton sq. in.) for 100 h. life at 








Alloy 
870°C. 940 C 980°C. 1,020°C 
Nimonic 105 13-0 6:8 4-7 — 
M14V 17-0 | 9-2 5-9 3-8 


not form part of 


The figures quoted for Nimonic 105 do 
any specification 
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Taste III] Tensile strength of M14V and Nimonic 105 











U.T.S. in ton sq. in. at 





Alloy — | | 
20 200; 400 600 700 800 900 1000 

ea ST Sa 

Nimonic 105 | 66 | — | 65 | — 66! 48 | 25 9 
MI14V 73 | 70 | 68 | 69 | 68 58 | 521 16 


of the ‘ Nimonic’ series and a pilot survey of its 
general properties has been made, using laboratory- 
produced material. Stress-rupture properties are 
given in Table II, tensile strength in Table III 
and some fatigue data in Table IV. In each case 
comparative data for Nimonic 105 are included. 
For a given stress and life-to-rupture, M14V repre- 
sents an advance of 30-40°C. over Nimonic 105. 
It has about twice the ultimate tensile strength of 
Nimonic 105 at 900 and 1,000°C. and its fatigue 
resistance is considerably better. 

At the high service temperatures for which M14V 
is designed, oxidation and corrosion resistance are 
of great importance. Accordingly, improvements 
in these properties have been made, largely by the 
use of a comparatively high total (Cr + Ti + Al) 
content. Table V gives sulphur corrosion data 
which demonstrate the superiority of M14V in this 
respect, compared with Nimonic 105. 

Evidently M14V represents a considerable ad- 
vance over existing alloys. However, alloys have 











TaBLeE IV Some fatigue data for M14V and 
Nimomic 105 
Rotating-bend fatigue ; 
10° cycles to fracture 
Alloy a 
30 ton sq. in 10 ton/sq. in. 

750 C 980°C. 
Nimonic 105 + 11 
M14V 40 _ 37 


recently been discovered which have even better 
properties. They are described briefly in the next 
section. 


Alloys M15V and M17V 

Like MI14V these alloys are vacuum-melted. 
Their outstanding properties are attziowixble, in 
part, to the development of a larger amount of 


Taste V Weight loss 

for | hour in either: 
A)4 NaCl, balance Na.SO,, or 
B) 25°, NaCl, balance Na,SO, 


mg. Sq. Cm.) after insnersior 


| Temp. 900°C. 


Temp. 1,000°C. 








Alloy Environ-| Environ-| Environ-| Environ- 
ment A | ment B | ment A | ment B 
Nimonic 105 .. 0-5 120 0-5 150 
a 0-5 a-5 | 0-5 2-0 
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2 Temperatures and stresses at which alloys of the Nimonic 
series have life-to-rupture of 30 h. (M14V, M15V and 
MI17V are vacuum-melted, wrought, experimental alloys 


Ni,(Ti,Al)-type precipitate in the matrix. That 
stronger alloys could be so obtained, providing 
that a suitable relationship existed between the 
lattice parameters of the precipitate and those of 
the matrix, was first deduced theoretically, following 
pointers from earlier work. 

The first of these alloys, M15V, had about three 
times the life-to-rupture of M14V at 7 ton/sq. in. 
and 1,000°C. This advance, however, was quickly 
overshadowed when, by further development, an 
alloy M17V was obtained with nearly ten times the 
life of M14V at 7 ton/sq. in. and 1,000°C. An 
approximate comparison of the three new vacuum- 
melted alloys with the earlier members of the 
Nimonic series is afforded in fig. 2. Fig. 3 shows 
the way in which, over the years, the properties of 
Nimonic alloys have been gradually improved. 
TasBLe VI Typical properties of M6VC and 
Nimocast 258 atr-melted and vacuum-melted 

















Life at 
Com- Stress | 980°C. 
Alloy position How applied; and Elon- 
optimum) melted | (tons) | stated | gation 
for: stress % 
(h.) 
Vacuum 10 50 2-0 
M6VC (| Vacuum- 
melting Air 10 10 1-9 
Vacuum 7 140 7-2 
Nimocast | Air- 
258 |melting Air 7 100 5-5 
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3 Development of sequence cf Nimonic alloys (MI\4V, 
M15V and M17V are vacuuwn-melted, wrought, experi- 
mental alloys 


Vacuum-melted, high-temperature 
casting alloys 

By vacuum-melting the stress-rupture properties 
of nickel-based, cast high-temperature alloys may 
be improved. These improvements are analogous 
to those described-in the section on wrought alloys, 
i.e. @ moderate improvement in stress-rupture life 
and elongation-at-fracture. As with the wrought 
alloys, further improvements in stress-rupture life 
can be obtained by raising the alloying element 
content (e.g. Ti, Al, Mo and W). Once again, the 
properties obtained by air-melting an alloy whose 
composition is the optimum for vacuum-melting 
are often poor (fig. 1). In fact this effect is, if 
anything, more marked in the casting alloys than it 
is for their wrought counterparts. This is exem- 
plified in Table VI, in which are compared some 
properties obtained, air-melted and vacuum-melted 
for Nimocast 258 and an experimental alloy, M6VC. 
The latter alloy has the optimum composition for 
vacuum-melting and its properties in the air-melted 
condition are comparatively poor. Nimocast 258, 
on the other hand, has the optimum composition 


TasBLe VII Standard deviations of 100 hours’ 
rupture-stress for M4VC 





Stress for 100 Standard deviation 





Temp. hours’ life of 100 hours’ stress 
CC.) ton/sq. in.) (ton /sq. in.)* 
1,020 6-0 0-4 
980 8-5 0-6 
815 | 23-0 0-8 





Each entry computed from 4-11 results.) 


* Calculated from replicate measurements of life at constant stress, 
1g stress log-time plots similar in slope to those of Nimocast 258 








metal treatment 
and Drop Forging 


for air-melting; accordingly, its properties in the 
air-melted condition are good and are slightly 
improved by vacuum-melting (fig. 1). 

M6VC is one of two new alloys having com- 
positions specifically designed to take advantage of 
the beneficial effects of vacuum-melting recently 
developed in the Mond Laboratories. It, and its 
companion M4VC, are, potentially, additional 
members of the ‘ Nimocast’ series of alloys and 
some properties are given in the following sections. 

Vacuum-melted casting alloy M4VC_ The special 
feature of this alloy is the high level of reproduci- 
bility of its stress-rupture properties. This is 
illustrated in Table VII, where the standard devia- 
tions of the 100-hour rupture-stresses at 1,020, 
980 and 815°C. are given. Generally speaking, 
these values are only about half as great as the 
corresponding figures for alloys such as vacuum- 
melted Nimocast 258. The 100-hour rupture- 
stresses for M4VC are higher than those of Nimo- 
cast 258. The greater reproducibility of M4VC 
gives added insurance against the risk of encounter- 
ing occasional castings with poor properties. 

Vacuum-melted casting alloy M6VC_ This alloy 
is one of the most creep-resistant, nickel-base 
casting alloys. Some typical 30-hour rupture- 
stresses are given in Table VIII. To provide good 
resistance to sulphur-attack and oxidation at the 
high temperatures for which it is designed, M6VC, 
in addition to its high contents of Ti and Al, 
contains 15°, of chromium (Nimocast 258 con- 
tains 11°). 


The future 

Properties of the order exemplified in this paper 
open up a new field for gas-turbine manufacturers. 
Previously, to obtain creep-resistance, at such high 
temperatures, it has been necessary to use (or to 
contemplate the use of) cast alloys, in applications 
for which wrought alloys are generally preferred. 
While the high order of reproducibility of pro- 
perties exhibited by the casting alloy M4VC should 
increase confidence in the use of cast components, 
the potential availability of the new wrought alloys 
is highly significant in connection with the design 
of high-performance gas-turbine engines. The 
likelihood exists, therefore, of considerable exten- 
sion of the high-temperature capability of nickel- 
based alloys beyond the excellent levels already 


Taste VIII ‘ 30-hour rupture-stresses’ for M6VC 








Stress for 
Temperature 30 hours’ life 
. of ton sq. in.) 
1,040 6-5 
980 11-0 
940 14-0 
815 30-0 
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achieved in alloys such as Nimonic 105. There 
are, moreover, good prospects that the laboratory 
findings described in this paper can be reproduced 
on a production scale. 

Further research is proceeding, and current 
investigations promise to reveal even stronger 
alloys than those here described. 
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British Standard for Charpy V-notch impact test 
B.S. 131: Part 2: 1959 


Issued as Part 2 of the British Standard on the notched 
bar testing of metals, this new publication specifies the 
conditions for carrying out the Charpy V-notch impact 


test. ‘ The test, explains the standard, ‘ consists of 
measuring the energy absorbed in breaking by one blow 
from a pendulum a test-piece notched in the middle and 
supported at each end.’ 

Whereas the previous edition of the standard gave only 
nominal dimensions of test-pieces, the new edition gives 
dimensions with appropriate machining tolerances. The 
tolerances for ferrous test-pieces are in accordance with a 
Recommendation of the International Standards Organiza- 
tion, but for non-ferrous materials a more restrictive 
tolerance has been applied to the dimensions of the test- 
piece. Three new subsidiary test-pieces have been 


specified to replace the two specified in the previous 
edition and these are intended for use when it is impos- 
sible to obtain a standard test-piece from the material 
available. Two of the sizes selected meet the particular 
requirements of manufacturers of tubes. 

Copies of this Standard may be obtained from the 
British Standards Institution, Sales Branch, 2 Park Street, 
London, W.1. Price 4s. (postage will be charged extra to 
non-subscribers). 


Lubrication of ball bearings 


Strict precautions should be taken to prevent water from 
contaminating oils used for the lubrication of ball bearings. 
If the oil is wet, failure of the balls by pitting may take 
place in less than half the normal time, according to MERL 
Research Summary No. 8. 

Following the premature failure of some large ball 
races operating in the open without adequate shelter, 
laboratory tests have been carried out to find what effect 
water in the lubricant had on pitting in ball bearings. 
The tests were made in a rig in which the rolling and 
sliding action of angular-contact ball bearings is simulated 
by a loaded steel ball rotating in contact with three 
similar balls in a specially designed race. For most of 
the tests conventional steel balls (En 31) were used; five 
oils of widely different characteristics were tested. 

With all the lubricants and En 31 steel balls, the time 
before the start of pitting decreased as the water content 
increased. The performance of stainless-steel balls was 
not affected by the presence of water in the oils, but their 
life is less than that of En 31 balls in any case. 

Further information is given in a paper by L. Grunberg 
and D. Scott, ‘ The acceleration of pitting failure by 
water in the lubricant,’ 7. Inst. Petrol., 1958, 44, (419), 
406-410. Reprints (ref. 2/6) are available from the 
East 


Mechanical Engineering Research Laboratory, 
Kilbride, Glasgow. 
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Application of electron microscopy 


A simple extraction replica for the study of fine grain phases 


JAROSLAV JAZEK 


A method of preparing specimens which allozes the disclosure of precipitates by 
means of a simple extraction replica is described, and examples are given of its use. 
The work was reported in Hutnické Listy, 1958, (3), and the English version 
given below is the tenth of a series illustrating the use of the electron microscope 
in metallurgy. The author ts at the Research Institute for Materials and Technology, 


Prague 


IN RESEARCH into metallic materials ever greater 
importance attaches to the study of fine grain and 
disperse phases, which either have a direct influence 
on the physical, chemical and mechanical properties 
of the material, or whose formation is an indication 
of some important stage of the structural changes 
which are taking place in the material. The pre- 
cipitation of these phases accompanies not only 
structural transformations which are intentionally 
brought about by treatment of the material so that 
it shall acquire certain definite properties (trans- 
formation of austenite, breakdown of martensite, 
hardening, stabilization), but in addition also 
accompanies such structural changes as are un- 
desirable from the point of view of the utilization 
of the material (a drop in the creep resistance, 
formation of brittleness, loss of anti-abrasive or 
anti-corrosive properties). It is therefore im- 
portant to develop a method which will permit the 
detection and identification of fine grain and finely 
dispersed precipitates, and this not only with the 
aim of understanding the behaviour of materials 
already being used, but also of facilitating the 
development of new materials intended for service 
at high working parameters. 

We may roughly divide the methods of studying 
precipitates and their formation into two groups. 
First of all, we have the indirect methods whereby 
a judgment of the precipitation of secondary phases 
is obtained from the changes in certain properties 
of the material (e.g. hardness, resistance to impact, 
transition temperatures leading to brittle fractures, 
electrical and thermal conductivity, lattice para- 
meters of the basic substance, etc.). It is true 


that these methods permit direct investigation of 
the sequence of the properties measured, but they 


do not lead to first-hand information concerning 
the structural transformations which influence any 
particular property. For the description of struc- 
tural changes only direct methods can serve, which 
are capable of establishing the structure and the 
composition of the original phases and the second- 
ary phases which form. Apart from chemical 
methods, above all microscopic and X-ray methods 
are clearly pertinent. Here, however, it is apparent 
that precisely for the most important stage of the 
structural changes to be studied, namely, the start 
of the formation of a new finely disperse phase, we 
cannot make do with the classical methods of 
optical microscopy and X-ray structural analysis, 
since the size of the particles which form (some 
tens to hundreds of Angstréms) lie below the power 
of resolution of these methods. In the sub-micro- 
scopic sphere which has been indicated, electron 
microscopy and diffractography may be used with 
advantage. In this way, during recent years many 
problems associated with the precipitation of fine 
grain carbide phases'~'* have been solved. 


Electron microscopy and diffractography of 
fine-grain phases 

In the works mentioned above use was almost 
exclusively made of the methods of chemical or 
electrolytic isolation of the precipitates under in- 
vestigation. This means that the precipitates were 
first of all extracted from the matrix and then 
investigated by means appropriate to the isolated 
particles. From the specimen which is available in 
the form of a pewder after isolation, it is, of course, 
necessary to prepare a specimen which is suitable 
for electron microscopy or diffractography. This 
fact is the main disadvantage of the method, since 
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as a result there arises the difficulty of dispersing 
the particles in a suitable medium, which will not 
attack either the isolate or the carrier foil, of 
collodion or formvar, on which it is necessary to 
locate the isolate. One of the most suitable 
methods is to partially disperse the particles in 
benzole by means of ultrasonic vibration and dis- 
tribute a droplet of the dispersion on to the carrier 
foil. But during the process the carrier foil is very 
often broken, and its splitting and oscillation in the 
stream of electrons make preparation of suitable 
micrographs an impossibility. 

This difficulty over the preparation of the 
specimen is obviated by the method which em- 
ploys so-called extraction replicas,'*~'’ which cor- 
rectly speaking is the method shown diagram- 
matically in fig. 1. A thin layer of maximum 
thickness of some hundreds of Angstréms of a 
suitable material (collodion, formvar, SiO, SiO,, Ti) 
is allowed to form on a metallographic specimen 
etched in the normal way (fig. 1, an oblique cross- 
section); this layer surrounds the particles which 
obtrude from the matrix (fig. 1b). Then a second 
etching is applied to the specimen through this 
deposited layer. By this means a further layer of 
the basic substance is etched away (the shaded 
strip in fig. 1b), and the film which was deposited 
is separated from the specimen together with the 
precipitates, which remain grasped by the film 
(fig. Ic). At the same time on this film there 
remains imprinted the relief of those large struc- 
tural particles which were not detached by etching. 
We thus obtain a replica which through the im- 
pression of the large particles reproduces the relief 
of the surface of the specimen, and in addition 
contains fine precipitates in those areas of the 
structure in which they have formed. It is evident 
that this replica represents the actual state of the 
specimen in so far as it is possible to do so, and 
also reproduces the distribution of the precipitates 
much more truly than a specimen prepared from a 
powder isolate. Apart from this such a replica is 
an ideal specimen for electron microscopy and 
diffractography. 


A simplified extraction replica 

The described method of extraction replication 
has not become widely applied, for its important 
disadvantage is the necessity for a second etching 
process. It is well known that every sort of 
handling of a replica is connected with the risk of 
its defacement and lack of cleanliness, which may 
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result in the formation of various artefacts in the 
image under investigation. This risk is all the 
greater in the instance where we apply a further 
etchant through the replica on to the basic speci- 
men. For this reason the preparation of such 
replicas is completely impossible in instances where 
it is necessary to use more active etchants which 
destroy the replica, and where insoluble etching 
products are formed. 

In our workshop we were concerned with the 
problem, to what extent it is possible to prepare an 
extraction replica in a simple way without a second 
etching. In our work, of which we shall give 
examples in the following text, we have shown that 
it is possible to etch a large number of materials 
by a suitable method so that the liberated particles 
are partially or completely captured by a simple 
collodion or formvar print. For this method we 
proceed as follows: the metallographic specimen is 
prepared by mechanical or electrolytic polishing 
and then etched for a definite time, previously 
determined by experiment with a suitable etchant 
(chemically or electrolytically) in such a way that 
the basic substance is dissolved to a suitable depth 
for the precipitates to become exposed (fig. 2a). 
The etchant is chosen in such a way that in the 
given instance no etching products are left behind 
which are insoluble in water, that it does not 
attack the particles being studied, and that there 
is no formation of oxide or passivation layers. 
After etching the specimen is rapidly lixiviated 
several times in distilled water, in methyl alcohol 
and finally in ethyl ether. Immediately after drying 
we disperse a drop of 1°,, solution of collodion in 
amyl acetate, or formvar in chloroform, on to the 
etched specimen; this solution envelops the pre- 
cipitates on the surface of the specimen (fig. 2b). 
After evaporating the solvent, the collodion film, 
and with it the liberated precipitates, are stripped 
from the sample (fig. 2c). The large structural 
particles (for instance, the bands of primary car- 
bides, carbides on the grain boundaries, foreign 
inclusions) remain only imprinted on the replica, 
so that on the electron image they appear as clear 
white formations, by means of which we can trace 
the location of the precipitates in the structure. 
After stripping from the specimen, the replica is 
placed on a support grid of dimensions of about 
0-1 = 0-1 mm. By this means the specimen is 
prepared for photographing in the electron micro- 
scope or for diffractography. 

If stronger etching of the specimen is necessary 
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3 Extraction replica of low-temperature bainite. (a) Optical micrograph of the structure 200. (6) Extraction replica 
of isolated acicular crystals of bainite. (c) Extraction replica after a longer period of isothermal transformation 10,000 
4 Extraction replica of low-alloy steel. (a) Tempered at 150°C. (6) Tempered at 200°C. (c) Tempered at 350°C « 10,000 
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3 Extraction replica of low-temperature bainite. (a) Optical micrograph of the structure 200. (6) Extraction replica 


of isolated acicular crystals of baimite. 
4 Extraction replica of low-alloy steel. 


c) Extraction replica after a longer period of isothermal transformation « 10,000 
a) Tempered at 150°C. (6) Tempered at 200°C. (c) Tempered at 550°C 10,000 
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as a result there arises the difficulty of dispersing 
the particles in a suitable medium, which will not 
attack either the isolate or the carrier foil, of 
collodion or formvar, on which it is necessary to 
locate the isolate. One of the most suitable 
methods is to partially disperse the particles in 
benzole by means of ultrasonic vibration and dis- 
tribute a droplet of the dispersion on to the carrier 
foil. But during the process the carrier foil is very 
often broken, and its splitting and oscillation in the 
stream of electrons make preparation of suitable 
micrographs an impossibility. 

This difficulty over the preparation of the 
specimen is obviated by the method which em- 
ploys so-called extraction replicas,'*"'’ which cor- 
rectly speaking is the method shown diagram- 
matically in fig. 1. A thin layer of maximum 
thickness of some hundreds of Angstroms of a 
suitable material (collodion, formvar, SiO, SiO,, Ti 
is allowed to form on a metallographic specimen 
etched in the normal way (fig. 1, an oblique cross- 
section); this layer surrounds the particles which 
obtrude from the matrix (fig. 1b). Then a second 
etching is applied to the specimen through this 
deposited layer. By this means a further layer of 
the basic substance is etched away (the shaded 
strip in fig. 1b), and the film which was deposited 
is separated from the specimen together with the 
precipitates, which remain grasped by the film 
(fig. Ic). At the same time on this film there 
remains imprinted the relief of those large struc- 
tural particles which were not detached by etching. 
We thus obtain a replica which through the im- 
pression of the large particles reproduces the relief 
of the surface of the specimen, and in addition 
contains fine precipitates in those areas of the 
structure in which they have formed. It is evident 
that this replica represents the actual state of the 
specimen in so far as it is possible to do so, and 
also reproduces the distribution of the precipitates 
much more truly than a specimen prepared from a 
powder isolate. Apart from this such a replica is 
an ideal specimen for electron microscopy and 
diffractography. 


A simplified extraction replica 

The described method of extraction replication 
has not become widely applied, for its important 
disadvantage is the necessity for a second etching 
process. It is well known that every sort of 
handling of a replica is connected with the risk of 
its defacement and lack of cleanliness, which may 
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result in the formation of various artefacts in the 
image under investigation. This risk is all the 
greater in the instance where we apply a further 
etchant through the replica on to the basic speci- 
men. For this reason the preparation of such 
replicas is completely impossible in instances where 
it is necessary to use more active etchants which 
destroy the replica, and where insoluble etching 
products are formed. 

In our workshop we were concerned with the 
problem, to what extent it is possible to prepare an 
extraction replica in a simple way without a second 
etching. In our work, of which we shall give 
examples in the following text, we have shown that 
it is possible to etch a large number of materials 
by a suitable method so that the liberated particles 
are partially or completely captured by a simple 
collodion or formvar print. For this method we 
proceed as follows: the metallographic specimen is 
prepared by mechanical or electrolytic polishing 
and then etched for a definite time, previously 
determined by experiment with a suitable etchant 
(chemically or electrolytically) in such a way that 
the basic substance is dissolved to a suitable depth 
for the precipitates to become exposed (fig. 2a). 
The etchant is chosen in such a way that in the 
given instance no etching products are left behind 
which are insoluble in water, that it does not 
attack the particles being studied, and that there 
is no formation of oxide or passivation layers. 
After etching the specimen is rapidly lixiviated 
several times in distilled water, in methyl alcohol 
and finally in ethyl ether. Immediately after drying 
we disperse a drop of 1°, solution of collodion in 
amyl acetate, or formvar in chloroform, on to the 
etched specimen; this solution envelops the pre- 
cipitates on the surface of the specimen (fig. 2b). 
After evaporating the solvent, the collodion film, 
and with it the liberated precipitates, are stripped 
from the sample (fig. 2c). The large structural 
particles (for instance, the bands of primary car- 
bides, carbides on the grain boundaries, foreign 
inclusions) remain only imprinted on the replica, 
so that on the electron image they appear as clear 
white formations, by means of which we can trace 
the location of the precipitates in the structure. 
After stripping from the specimen, the replica is 
placed on a support grid of dimensions of about 
0-1 = 0-1 mm. By this means the specimen is 
prepared for photographing in the electron micro- 
scope or for diffractography. 

If stronger etching of the specimen is necessary 
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10 (6 
8 C-Cr-Ni surfacing alloy. (a) Extraction replica of hardened alloy. (b) After heating at 700°C. for 300 h. (c) Structure 
d) Isolated carbides. (e) Another area of the specimen (narrow field of the basic substance 
9 Non-ferrous alloys. (a) Hardened Nimonic 


10,000 

loy. (6) Passivation layer (NiO). (c) Hardened alwminium bronze. (d 

Aluminium bronze after two-stage hardening 10,000 
10 Extraction replicas. a) Cementite and an oxide coating * 10,000. 


(b) Molybdenum steel 14,000 
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Extraction replica of low-alloy chrome steel. Etched (a) 3 sec 
Extraction replica of free-cutting steel after tempering at 700 C 
1,000. (c) and (d) Extraction replicas 10,000 

Extraction replica of free-cutting steel after tempering at 500 C 


» (6) 5 sec., 
a) Extraction replica 


a 


c) 10 sec., 


3,000, (6)j 


d) 20 sec 
3,000 


10,000. 
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6) Optical micrograph 
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for the purpose of separating coarser particles, 
difficulties occur with the stripping of the replica. 
In such an instance use is made of the method 
normally employed in electron microscopy, which 
consists of reinforcing the basic replica with a 
further layer of deposited material, capable of 
being dissolved with a suitable solvent after the 
stripping of the replica from the specimen; such a 
solvent must not attack the material of the replica. 
A collodion replica is reinforced with gelatine, 
which is distilled in water after the stripping of the 
replica, while for a formvar replica collodion, which 
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is dissolved i | acetate, is used as the reinforcing 


material. 

In fig. 3 ijuced a simple example of an 
extraction prepared in this way, of a 
significant in which there are isolated 
acicular cr} )w-temperature bainite against 
a backgrou: nartensite. This specimen of 
eutectoid car! ‘el was subjected after austeni- 
tization (820 | r 5 min.) to partial isothermal 
transformatio: 20°C. for 3 min.) and then 
quenched Its structure after etching 
with 3°, nital wn in fig. 3a. It is martensite 
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interlaced with isolated acicular crystals of bainite. 
The extraction replica was prepared by the method 
described after etching with 2°, nital for 5 sec. 
The micrograph of the extraction replica (fig. 3b) 
shows a typical orientation of cementite lamellae in 
acicular crystals of low-temperature bainite. In 
fig. 3c is a similar photograph of an extraction 
replica of the same material after a greater degree 
of isothermal transformation (320°C. for 30 min.). 


Use of the simplified extraction replica 


In the following text we shall give some 
examples whereby we shall show the sphere of 
application and advantages of the method de- 
scribed. These examples are taken from more 
detailed works which will be published separately. 

Carbon steel. In fig. 4 is portrayed iron carbide 
forming in low-carbon steel containing 0-30°,, C 
after 30 min. tempering at 150°C. (fig. 4a), 200°C. 
(fig. 4b) and 550°C. (fig. 4c). The extraction 
replicas were taken after 5 sec. etching with 2°, 
nital. The micrographs show distinctly the dif- 
ferent character of the precipitated carbide, both 
from the point of view of its appearance and of its 
distribution. According to results published by 
Gérlich and Goossens,*® this is « carbide, Fe,C 
(x<3), and normal cementite. From the speci- 
mens we see that the carbide, forming during tem- 
pering at 150°C., consists of a fine network extend- 
ing over the whole surface of the original mar- 
tensitic acicular crystal, i.e. it precipitates throughout 
the whole volume of the acicular crystal which is 
breaking down. As opposed to this the normal 
cementite, which is formed at a higher temperature 
after the further breakdown of the « carbide, is 
precipitated on the boundaries of the original 
acicular crystals, and its lamellae and platelets 
reproduce the texture of the original martensite 
(fig. 4b). These lamellar formations, on the other 
hand, at a still higher tempering temperature, 
agglomerate into compact dendrites and spheroids, 
which are either captured by, or imprinted on, the 
replica (fig. 4c). 

Low-alloy chromium steel. The further series of 
specimens (figs. 5Sa—5d) are taken from a study of 
the tempering of steel containing 0-40°, C and 
1-87°,, Cr, which after hardening by quenching in 
oil from 900°C. was tempered at a temperature of 
520°C. for 4 hours. On the extraction replica are 
present dendritic carbides distributed over the 
whole surface of the original martensitic acicular 
crystals, and spheroidal particles on their bound- 
aries and on the boundaries of the austensitic 
grains. By electron diffraction the presence of 
Fe,C and (CrFe),C, was established (fig. 12a). 

The series of micrographs, 5a-5d, show the 
effect of the time of etching on the quantity and 
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differentiation of the extracted precipitates. In 
fig. 5a is a photograph of a replica stripped after 
3 sec. etching (5 g. picric acid and 5 cm.* hydro- 
chloric acid in 95 cm. absolute alcohol). It is 
shown that in this instance the replica contains 
predominately very fine precipitates whose dimen- 
sions are of the order of 0-02u. On the grain 
boundaries are spheroidal precipitates of dimen- 
sions up to 0-lu, while the larger particles have 
left only their imprint on the replica. The replicas 
in figs. 5b-5d were taken from the same specimen 
after 5, 10 and 20 sec. etching. A gradual increase 
may be seen in the coarse precipitate on the 
boundaries of the original martensitic acicular 
crystals, and of the austenitic grains. 

Free-cutting steel. In figs. 6 and 7 are illustra- 
tions of extraction replicas of free-cutting steel of 
composition 0-82°%, C, 4% Cr, 7°7% W and 
2-2°., V; after hardening by heating at 1,270°C. for 
45 sec. and quenching in oil, two specimens were 
tempered for 1 hour at temperatures of 700°C. 
(fig. 6) and 500°C. (fig. 7). Etching was carried 
out electrolytically in an aqueous solution of 5°, 
citric acid and 2-5°,, sodium chloride,'* at a current 
density of 0-02 amp./cm.? for a period of 2-25 sec. 
Fig. 6a shows an overall picture of the replica, 
obtained at low magnification, with the aim of 
comparing it with a normal optical photograph of 
the structure of the specimen (fig. 6b). 

It may be seen that even at low magnification 
the extraction replica gives much greater informa- 
tion about the topology of the structure than a 
direct optical photograph of the structure, for it 
reproduces not only the lines of primary carbides, 
but also the spheroidal carbides on the 
boundaries. At the working magnification of the 
electron microscope, however, apart from this we 
see the distribution and morphology of the ex- 
tracted precipitates. In this instance, apart from 
the spheroidal precipitates along the grain bound- 
aries, the basic substance is covered with very fine 
fibrillate precipitates (fig. 6c), whose dimensions 
are on the boundary of the resolution power of the 
microscope used (100 A). This precipitate is par- 
ticularly clearly visible in and around the acicular 
crystals of residual austenite in fig. 6d. By electron 
diffraction (fig. 12b) the presence of the fine-grain 
carbide V,C, and of a smaller quantity of the 
coarse-grain carbide Fe,W,C was established on 
the extraction replica. 

A completely different character is possessed by 
the replica of the specimen which was tempered at 
500°C. An overall picture at low magnification 
(fig. 7a) shows a marked acicular structure with a 
smal! number of extracted precipitates, and without 
spheroidal precipitates oriented in such a network 
as would characterize the austenitic grains in fig. 6a. 
The micrograph of the same replica at a magnifica- 
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tion of » 10,000 (fig. 7b) shows the presence only 
of a coarse, predominantly acicular precipitate, 
which by its orientation reproduces the boundaries 
of the martensitic acicular crystals. 

Surfacing alloys. A very promising application 
for the method developed is the study of the struc- 
tural stability of alloys with a high content of 
chromium and carbon, which are used for sur- 
facing deposits which can withstand abrasive and 
erosive wear at high temperatures.’®.*° As an 
example we cite an alloy with 3-65°,, C, 27-61", 
Cr and 6-87°,, Ni. The specimens under investi- 
gation were etched in the same electrolyte as the 
free-cutting steel, at a current density of 0-03-0-04 
amps./cm.* for a period of 8 sec. In fig. 8a is a 
photograph of an extraction replica of a specimen 
hardened by heating at 1,100°C. for 7 hours and 
quenched in water. On it may be seen only the 
relief of the unetched primary carbides (Cr,C, 
located in the etched basic structure, without any 
extracted particles at all. 

Noticeably different is the photograph of the 
extraction replica of the same material after 300 
hours’ heating at a temperature of 700°C. (fig. 8b). 
In the basic structure a large number of precipitates 
became apparent, on the one hand acicular crystals 
with dimensions of the order of lu, on the other 
hand spheroidal particles whose dimensions extend 
to mere hundredths of a micron. By structural 
analysis it was established that this precipitate is 
formed of the carbide Cr,,C,. 

For comparison in fig. 8c is a normal replica 
such as is used in electron microscopy, and in 
fig. 8d is a photograph of the isolated carbides 
from the same specimen. It is shown that an extrac- 
tion replica contains finer particle-size precipitates 
than a normal replica (in our instance of the order 
of 100A. as opposed to 300 A.) and at the same time 
gives a picture of their distribution in the struc- 
ture, whilst the coarser particles predominate in the 
photograph of the isolate (fig. 8d), since there is a 
greater risk of the fine particles becoming lost or 
disintegrated during the preparation of such speci- 
mens. On the extraction replica, in our instance 
it is possible to trace the distribution of the fine 
precipitates deep within the basic structure, while 
in the zone around the primary carbides there are 
coarser precipitates, and in the narrow fields of 
the basic structure surrounded by the primary 
carbides, fine precipitates likewise do not occur 
(fig. 8e). 

Non-ferrous alloys. As an example of the 
possible application of the simplified extraction 
replica to non-ferrous alloys we would mention 
Nimonic alloys and aluminium bronze. In fig. 9a 


is a replica of a hardened Nimonic alloy (hardened 
by heating at 1,050°C. for 4 hours and quenching 
in water, with secondary hardening at 700°C. for 
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16 hours). Apart from the relief of spheroidal and 
dendritic carbides of dimensions of the order of lu 
on the replica are visible spheroidal precipitates of 
the type Ni,(AITi)*" with a size of the order of 
0-03u. In fig. 9b is a replica of the same alloy, 
on which after etching a passivation coating 
appeared. This replica was subjected to electron 
diffraction, whereby it was established that the 
coating was NiO (fig. 12c). 

Fig. 9c is a photograph of aluminium bronze 
(10°,, Al, 1°, Fe) after hardening by heating at 
870°C. for 15 min. and quenching in water, and 
fig. 9d is a photograph of the same specimen after 
secondary hardening at 540°C. for 1 hour. It is 
clearly apparent that there is a fine lamellar pre- 
cipitate, which is located on the boundaries of the 
martensitic acicular crystals, and is reminiscent of 
cementite (fig. 4b). 

Other applications. Apart from precipitates which 
are liberated from the structure of a material, by 
the method of the simplified extraction replica, we 


can also study surfaces which form on a material 
through the action of a liquid or gaseous medium. 
Already we have mentioned a passivation layer on 
a Nimonic alloy. As opposed to normal diffrac- 


tion analysis by reflection, such as is carried out 
on such layers, the proposed method has the 
advantage that we can analyse the layer formed, 
not only in relation to the structure by means of 
transmission diffraction, but also in relation to the 
morphology by means of the electron microscope. 

Fig. i0a shows an extraction replica obtained 
from a low-alloy steel (0-10°,,C) after etching with 
3°., nital; as a result a layer of oxide was formed on 
the surface, which was revealed by the brownish 
tinge of the ground surface of the specimen. 
Apart from the large particles of cementite which 
have broken away from the pearlitic grains (their 
X-ray diagram is shown in fig. 12d), the replica is 
covered with fine oxide particles, the areas of 
which form long weak fibres. 

Interesting is a comparison of this specimen 
with a photograph of a normal extraction replica of 
steel containing 3°, Mo, published by R. M. 
Fisher." This author is of the opinion that the 
long fibres are likewise carbide precipitates. In 
our opinion it is improbable that carbides would be 
precipitated in such long formations, situated 
closely side by side, and consider that in the 
instance cited by Fisher it is a question of an 
artefact which formed during the course of the 
preparation of the replica. This opinion is sup- 
ported by the fact that after etching with hydro- 
chloric acid or picric acid, in our instance the 
formation of an oxide layer did not take place, and 
no fibres of the type mentioned were present on 
the replica. 

In fig. lla is a photograph of an extraction 
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replica of a ferritic weld etched with a 5°, solution 
of hydrochloric acid in methyl alcohol after a 
period of 5 min. On the micrograph we see a 
large number of submicroscopic inclusions on the 
boundaries of the grains and sub-lattices under 
investigation. Fig. 11b is a similar photograph of 
another arca of the weld with fewer foreign inclu- 
sions. Thus it is possible by this method to 
investigate the degree of contamination of materials, 
in fact above all from the point of view of the 
presence of submicroscopic inclusions which are 
otherwise invisible. 


Conclusions 

By suitable etching of metallographic specimens 
it is possible to obtain the disclosure of precipitates 
in such a way as to permit their capture with a 
collodion or formvar replica. This simplified ex- 
traction replica has the following advantages : 

1. It does not require etching of the specimen 
through the deposited collodion or formvar foil, so 
that the resultant replica cannot become damaged 
by the etchant applied, nor contaminated by etch- 
ing products. Thus the sphere of its application 
is extended. 

2. The etched ground specimen may be lixiviated 
in any given solution which does not attack the 
precipitates under investigation, and it is unneces- 
sary to have regard to the material of the replica 
which is deposited after cleaning. 

3. By the depth of etching it is possible to control 
the size of the particles liberated and so carry out 
differentiation of the precipitates. 

4. This extraction replica captures much finer 
precipitates than the normal relief print used for 
electron microscopy, and gives a much truer image 
of the quantity and distribution of the individual 
types of precipitates than a specimen prepared 
from isolated particles. 

5. It is an ideal specimen for electron diffracto- 
graphy; and it is also possible to carry out X-ray 
structural analysis of the precipitates on it, pro- 
vided their size is sufficiently great. 

6. It also makes possible the study of the struc- 
ture and morphology of microscopic inclusions in 
films forming on a material in a liquid or a gaseous 
medium. 
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The manufacture of iron and steel 

Volume two—steel production 

By G. Reginald Bashforth. Second revised edition. 
Chapman & Hall Ltd., London, 1959. Pp. 390. 
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SINCE THE PUBLICATION of the first edition of this book in 
1951, considerable developments have occurred in the 
steel-making world. has now become a by-word 
in steel production, while the possibilities of continuous 
casting to ‘ billet’ size sections has long since left the 
pilot-plant stage. This revised edition deals with many 
of these new developments and is at once welcomed as a 
textbook for students and operatives. 

To achieve this revision, the author has pruned and re- 
drafted certain of the chapters in the earlier edition and 
has wisely decided to transfer the entire sections dealing 
with fuels, furnaces, refractories and instruments to a 
new third volume to be published shortly. The result is 
undoubtedly an improved book and it is gratifying to 
record that while this volume is over 25°, larger than the 
revised edition of Vol. I (Iron Production), published in 
1957, the price is actually lower. 

The sequence of chapters largely follows the order of 

historical development—blister, shear and crucible steel, 
the Bessemer processes, the open-hearth processes and the 
electric-furnace processes. A further chapter is devoted 
to ingots and ingot production while the new oxygen 
steel-making processes (L—D, Kaldo and Rotor) are 
singled out for separate attention in Chapter 11— Modi- 
fications of Steelmaking Processes.’ Some of the problems 
associated with the manufacture of a limited range of 
special steels are considered in the penultimate chapter 
and, finally, and by way of an introduction only, the 
author has included a short review of the fundamental 
principles governing the application of physical chemistry 
and thermodynamics to stee 

Although a revised edition, there are some occasional 
lapses in presentation. For example, it is considered un- 
fortunate that in dealing with the problem of hydrogen in 
steel (p. 281) the opportunity has again been missed to 
revise certain of the outmoded concepts of hair-line crack 
formation. The graph depicting the solubility of hydrogen 
in steel (p. 269) also needs revision. 

The book is well illustrated with line drawings, 
schematic sketches and photographs, though a number of 
the latter are barely satisfactory, either in clarity or 
content. 

H. K. Lioyp 
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Deva Fachverlag, Stuttgart, 1959. Pp. 226. 

THIS ISSUE contains two articles. The first, by K. 
Falkenmayer, deals with the problem of distortions 
occurring in flame or induction hardening of complex 
tools made of grey cast iron, e.g. the sliding surfaces of 
lathe-beds. On the basis of extensive experimental and 
oe cal — ed out at the Brement Technical 
College, a number of proposals are made for minimizing 
such effects in ice. 

In the second paper W. Knorr reports researches on the 
influence of structure on the machinability of construc- 
tional steels. Plain carbon steels as well as Mn-Cr, Mo, 
and Cr-Ni steels were studied, and the optimum struc- 
tures, in sizes and pre-machining heat treatments 

to yield such structures were determined. 
papers should prove highly relevant to the 
specialist. 
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tion of » 10,000 (fig. 7b) shows the presence only 
of a coarse, predominantly acicular precipitate, 
which by its orientation reproduces the boundaries 
of the martensitic acicular crystals. 

Surfacing alloys. A very promising application 
for the method developed is the study of the struc- 
tural stability of alloys with a high content of 
chromium and carbon, which are used for sur- 
facing deposits which can withstand abrasive and 
erosive wear at high temperatures.’*:*° As an 
example we cite an alloy with 3-65°,, C, 27-61", 
Cr and 6-87°,, Ni. The specimens under investi- 
gation were etched in the same electrolyte as the 
free-cutting steel, at a current density of 0-03-0-04 
amps./cm.* for a period of 8 sec. In fig. 8a is a 
photograph of an extraction replica of a specimen 
hardened by heating at 1,100°C. for 7 hours and 
quenched in water. On it may be seen only the 
relief of the unetched primary carbides (Cr,C, 
located in the etched basic structure, without any 
extracted particles at all. 

Noticeably different is the photograph of the 
extraction replica of the same material after 300 
hours’ heating at a temperature of 700°C. (fig. 8b). 
In the basic structure a large number of precipitates 
became apparent, on the one hand acicular crystals 
with dimensions of the order of lu, on the other 
hand spheroidal particles whose dimensions extend 
to mere hundredths of a micron. By structural 
analysis it was established that this precipitate is 
formed of the carbide Cr,,C,. 

For comparison in fig. 8c is a normal replica 
such as is used in electron microscopy, and in 
fig. 8d is a photograph of the isolated carbides 
from the same specimen. It is shown that an extrac- 
tion replica contains finer particle-size precipitates 
than a normal replica (in our instance of the order 
of 100A. as opposed to 300 A.) and at the same time 
gives a picture of their distribut:on in the struc- 
ture, whilst the coarser particles predominate in the 
photograph of the isolate (fig. 8d), since there is a 
greater risk of the fine particles becoming lost or 
disintegrated during the preparation of such speci- 
mens. On the extraction replica, in our instance 
it is possible to trace the distribution of the fine 
precipitates deep within the basic structure, while 
in the zone around the primary carbides there are 
coarser precipitates, and in the narrow fields of 
the basic structure surrounded by the primary 
carbides, fine precipitates likewise do not occur 
(fig. 8e). 

Non-ferrous alloys. As an example of the 
possible application of the simplified extraction 
replica to non-ferrous alloys we would mention 
Nimonic alloys and aluminium bronze. In fig. 9a 


is a replica of a hardened Nimonic alloy (hardened 
by heating at 1,050°C. for 4 hours and quenching 
in water, with secondary hardening at 700°C. for 
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16 hours). Apart from the relief of spheroidal and 
dendritic carbides of dimensions of the order of lu 
on the replica are visible spheroidal precipitates of 
the type Ni,(AITi)* with a size of the order of 
0-03. In fig. 9b is a replica of the same alloy, 
on which after etching a passivation coating 
appeared. This replica was subjected to electron 
diffraction, whereby it was established that the 
coating was NiO (fig. 12c). 

Fig. 9c is a photograph of aluminium bronze 
(10°,, Al, 1%, Fe) after hardening by heating at 
870°C. for 15 min. and quenching in water, and 
fig. 9d is a photograph of the same specimen after 
secondary hardening at 540°C. for | hour. It is 
clearly apparent that there is a fine lamellar pre- 
cipitate, which is located on the boundaries of the 
martensitic acicular crystals, and is reminiscent of 
cementite (fig. 4b). 

Other applications. Apart from precipitates which 
are liberated from the structure of a material, by 
the method of the simplified extraction replica, we 


can also study surfaces which form on a material 
through the action of a liquid or gaseous medium. 
Already we have mentioned a passivation layer on 
a Nimonic alloy. As opposed to normal diffrac- 
tion analysis by reflection, such as is carried out 
on such layers, the proposed method has the 
advantage that we can analyse the layer formed, 
not only in relation to the structure by means of 
transmission diffraction, but also in relation to the 


morphology by means of the electron microscope. 

Fig. 10a shows an extraction replica obtained 
from a low-alloy steel (0-10°,,C) after etching with 
3°, nital; as a result a layer of oxide was formed on 
the surface, which was revealed by the brownish 
tinge of the ground surface of the specimen. 
Apart from the large particles of cementite which 
have broken away from the pearlitic grains (their 
X-ray diagram is shown in fig. 12d), the replica is 
covered with fine oxide particles, the areas of 
which form long weak fibres. 

Interesting is a comparison of this specimen 
with a photograph of a normal extraction replica of 
steel containing 3°,, Mo, published by R. M. 
Fisher."° This author is of the opinion that the 
long fibres are likewise carbide precipitates. In 
our opinion it is improbable that carbides would be 
precipitated in such long formations, situated 
closely side by side, and consider that in the 
instance cited by Fisher it is a question of an 
artefact which formed during the course of the 
preparation of the replica. This opinion is sup- 
ported by the fact that after etching with hydro- 
chloric acid or picric acid, in our instance the 
formation of an oxide layer did not take place, and 
no fibres of the type mentioned were present on 
the replica. 

In fig. lla is a photograph of an extraction 
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replica of a ferritic weld etched with a 5°, solution 
of hydrochloric acid in methyl alcohol after a 
period of 5 min. On the micrograph we see a 
large number of submicroscopic inclusions on the 
boundaries of the grains and sub-lattices under 
investigation. Fig. 11b is a similar photograph of 
another area of the weld with fewer foreign inclu- 
sions. Thus it is possible by this method to 
investigate the degree of contamination of materials, 
in fact above all from the point of view of the 
presence of submicroscopic inclusions which are 
otherwise invisible. 


Conclusions 

By suitable etching of metallographic specimens 
it is possible to obtain the disclosure of precipitates 
in such a way as to permit their capture with a 
collodion or formvar replica. This simplified ex- 
traction replica has the following advantages: 

1. It does not require etching of the specimen 
through the deposited collodion or formvar foil, so 
that the resultant replica cannot become damaged 
by the etchant applied, nor contaminated by etch- 
ing products. Thus the sphere of its application 
is extended. 

2. The etched ground specimen may be lixiviated 
in any given solution which does not attack the 
precipitates under investigation, and it is unneces- 
sary to have regard to the material of the replica 
which is deposited after cleaning. 

3. By the depth of etching it is possible to control 
the size of the particles liberated and so carry out 
differentiation of the precipitates. 

4. This extraction replica captures much finer 
precipitates than the normal relief print used for 
electron microscopy, and gives a much truer image 
of the quantity and distribution of the individual 
types of precipitates than a specimen prepared 
from isolated particles. 

5. It is an ideal specimen for electron diffracto- 
graphy; and it is also possible to carry out X-ray 
structural analysis of the precipitates on it, pro- 
vided their size is sufficiently great. 

6. It also makes possible the study of the struc- 
ture and morphology of microscopic inclusions in 
films forming on a material in a liquid or a gaseous 
medium. 
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SINCE THE PUBLICATION of the first edition of this book in 
1951, considerable developments have occurred in the 
steel-making world. Oxygen has now become a by-word 
in steel production, while the possibilities of continuous 
casting to ‘ billet’ size sections has | since left the 
pilot-plant stage. This revised edition s with many 
of these new developments and is at once welcomed as a 
textbook for students and operatives. 

To achieve this revision, the author has pruned and re- 
drafted certain of the chapters in the earlier edition and 
has wisely decided to transfer the entire sections dealing 
with fuels, furnaces, refractories and instruments to a 
new third volume to be published shortly. The result is 
undoubtedly an improved book and it is gratifying to 
record that while this volume is over 25°, larger than the 
revised edition of Vol. I (Iron Production), published in 
1957, the price is actually lower. 

The sequence of chapters largely follows the order of 
historical development—blister, shear and crucible steel, 
the Bessemer processes, the open-hearth processes and the 
electric-furnace processes. further chapter is devoted 
to ingots and ingot production while the new oxygen 
steel-making processes (L—D, Kaldo and Rotor) are 
singled out ay separate attention in Chapter 1]— Modi- 
fications of Steelmaking Processes.’ Some of the problems 
associated with the manufacture of a limited range of 
special steels are considered in the penultimate chapter 
and, finally, and by way of an introduction only, the 
author has included a short review of the fundamental 
principles governing the application of physical chemistry 
and thermodynamics to stee 

Although a revised edition, there are some occasional 
lapses in presentation. For example, it is considered un- 
fortunate that in dealing with the problem of hydrogen in 
steel (p. 281) the opportunity has again been missed to 
revise certain of the outmoded concepts of hair-line crack 
formation. The graph depicting the solubility of hydrogen 
in steel (p. 269) also needs revision. 

The book is well illustrated with line drawings, 
schematic sketches and photographs, though a number of 
the latter are barely satisfactory, either in clarity or 
content. 

H. K. Lioyp 
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THIS ISSUE contains two articles. The first, by K. 
Falkenmayer, deals with the problem of distortions 
occurring in flame or induction hardening of complex 
tools made of grey cast iron, e.g. the sliding surfaces of 
lathe-beds. On the basis of extensive experimental and 
theoretical work, carried out at the Brement Technical 
College, a number of proposals are made for minimizing 
such effects in practice. 

In the second paper W. Knorr rts researches on the 
influence of structure on the machinability of construc- 
tional steels. Plain carbon steels as well as Mn-Cr, Mo, 
and Cr-Ni steels were studied, and the optimum struc- 
tures, grain sizes and pre- heat treatments 

to yield such structures were determined. 
papers should prove highly relevant to the 
specialist. 
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Determination of oxygen in steel 
Melt-extraction method in an argon stream 


K. ABRESCH and H. LEMM 


The conventional melt extraction method for the determination of oxygen in steel 
has been modified by having the test samples degassed in an atmosphere of argon gas, 
instead of merely in a vacuum. At the same time, the unit weight of a sample has 
been reduced to 0-5 g. The liberated carbon monoxide is transformed by a suitable 
oxidizing agent into carbon dioxide, and then titrated electrolytically. By this 
means it has been found possible to test a substantially greater number of samples in 
one graphite crucible in immediate succession. The actual determination time is 
7 min. The apparatus enables about 50 samples to be tested in an 8-h. shift, or 
180 samples in 24h. The suitability of the carrier-gas method has been tested in 
serial experiments. A standard deviation of 0-0012°(, O was obtained; the deviation 
was about the same as in double determinations by the vacuum method. The 
authors, of August Thyssen-Hiitte A.G., Duisburg-Hamborn, published the 
original German in Arch. f. Eisenh., January, 1959 


THE OXYGEN CONTAINED IN STEEL as an oxide or in 
free solution requires to be converted into a form 
accessible to analysis. In the most frequently used 
melt extraction method, the steel sample to be 
investigated is melted in a carbon crucible at 
a temperature of between 1,600 and 2,000°, and 
the carbon monoxide then forming collected and 
measured. During melting of the sample, the 
contained metallic oxides become reduced by the 
carbon of the crucible, through intermediate 
reactions resulting in the formation of carbon 
monoxide. From the law of mass action it follows 
that this reaction can only be complete when the 
partial pressure of the carbon monoxide over the 
melt sinks to zero. 

This essential condition for the determination of 
the oxygen content can be fulfilled if the reaction 
gases are continually drawn from the furnace as 
with the vacuum process; or are removed by an 
inert gas, maintained slightly above atmospheric 
pressure—the carrier gas method. The vacuum 
process has hitherto almost exclusively been used 
for the determination of oxygen in steel in industrial 
plants. The equipment consists of the furnace, the 
gas collector and the gas analyser; and, when 
suitably operated, furnishes perfectly satisfactory 


results. However, the method has one disadvant- 
age, in that the operation and servicing of a vacuum 
apparatus are difficult and require very experienced 
personnel. One source of error is the getter effect 
of metal deposits on the cooler parts of the furnace. 
Furthermore, only a restricted number of samples 
can be handled in a normal, eight-hour working 
day: e.g. for 10-g. samples, about 6 to 10, and for 
1-g. samples, some 15 to 20 samples; all according 
to the composition of the sample. Hence, early 
attempts have ‘been made to simplify the deter- 
mination of oxygen in steel by applying carrier-gas 
methods. 

W. Singer’ used nitrogen as the carrier gas and 
Cu(II) oxide as the oxidizing agent; the carbon 
dioxide was determined by gravimetric analysis, 
after absorption by sodium-asbestos. In view of 
the relatively low sensitivity of the method, samples 
of at least 15 g. weight are required. As a con- 
sequence, the crucibles require to be changed 
frequently, which considerably increases the nalysis 
time for serial tests. W. G. Smil+ fuses ite 
samples in liquid platinum, the carrier gas used 
being argon, and Schiitze’s . agent enzployed. 


The determination of the carb m dioxde is per 
formed after freezing-out, by press: ~volvane 
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measurements. This method is also troublesome 
and costly, so that it is impracticable for serial tests.* 


The purpose of the experiments here recorded 
was so to improve the carrier gas method as to 
make it available for rapid serial tests under indus- 
trial conditions. The carrier gases, oxidation 
agents and determination methods were investi- 
gated for their suitability and an instrumentation 
devised suitable for the requirements of industrial 
service. 


The carrier gas 


The carrier gas must be suitably free from oxygen 
and its compounds, the commercial welding quality 
argon being found the most suitable. It requires 
to be led through a cooling trap with liquid air or 
liquid oxygen to free it from moisture and other 
factors increasing the blank values. 

The path of the carrier gas through the apparatus 
is shown in fig. 1. The argon, drawn from the 
gas bottle | through the reducing valve 2 is purified 
in the cooling trap 3 consisting of a Dewar flask, 
containing a glass tube coil through which the 
coolant flows. The spiral coil contained in the 
Dewar flask is a glass tube of 8 mm. bore and 
12 mm. external diameter; it has 14 turns, each 
of 100 mm. dia. The necessary flow velocities are 
adjusted by means of a simple flowmeter 4 of the 
Wolser-Ewing type, with a free float in a tapered, 
glass tube. The gas is then passed through a capil- 
lary 5 of about 0-3 mm. bore and 10 mm. length. 
The throttling effect of this capillary is intended to 
damp any tendency of the graphite crucible to rise 
when argon is first introduced into the previously 
exhausted quartz tube 7, when a test series begins. 
The flow velocity of the argon should not exceed 
500 cm.’ min. A three-way cock with trailing 
plugs 6 <nables preliminary rinsing of the cooling 
trap and flowmeter. This is essentially the arrange- 
ment first devised by G. Thanheiser and E. Brauns.* 
The parts shown in fig. 2 have been modified: 
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1 LEFT Apparatus for the determination 
of oxygen in steel 


2 BELOW Furnace base and carbon tube 
furnace (schnitt 


cross-section) 











the argon passes from below through the copper 
pipe 21 into the internal electrode channel 22. 
While the greater part passes upward to the crucible 
and flows around the latter through the oblique, 
lateral ducts 23, the rest passes through the ducts 24 
through the internal and external electrodes and 
there scavenges free from carbon monoxide the 
space between the quartz tube and the graphite 
heating clement. The bores in the electrodes are 
vertical and horizontally staggered 25 with reference 
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and oxidizing column 











to each other to increase the scavenging action. 


Oxidation of carbon monoxide to dioxide 

The improved Schiitze reagent suggested by 
W. G. Smiley*® was found to be the most suitable 
of the oxidation agents available, since it oxidizes 
carbon monoxide at room temperature without 
attacking hydrogen. Even in very low concen- 
trations the reactivity is good and the carbon 
dioxide formed is rapidly released, while the 
simultaneously formed iodine is absorbed in the 
column and indicates by progressively increasing 
brown coloration when the reagent is exhausted. 
One tube charge lasts for between 500 and 600 
determinations for 0-5-g. samples with a mean 
oxygen content of 0-02°,. 





























For the preparation of the Schiitze reagent, 5-25. 
iodic acid are dissolved in 25 cm.* water and poured 
on to 50 g. silica gel of a grain size between 1-2 
and 3-0 mm. This mixture is dried for about 1} h. 
at 145°C., then moistened with 10 cm.* of 100°, 
sulphuric acid (monohydrate) and preferably left to 
stand overnight in the exsiccator for better mixing. 
For the further treatment, the apparatus shown in 
fig. 3. is used. The impregnated silica gel is 
heated to 220°C. at about 20 mm. Hg in an electric- 
ally heated glass tube 26 for two to three hours. 
A tube clip 31 controls the air stream sucked 
through the apparatus by a water pump. The 
drying tower 30 is charged with magnesium per- 
chlorate. Pressure and temperature are controlled 
by the manometer 29 and the thermometer 28. 
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A glass jacket 27 surrounds the heated tube, 
affording the necessary heat insulation. The cold 
end of the tube 26 contains silica gel, absorbing the 
liberated iodine and sulphuric acid. An important 
point is that heating to 220°C. to form the active 
compound should only be applied after any moisture 
present in the charge has been removed by the 
current of dry air. 

Fig. 4 shows the oxidizing tower 11 on the left. 
This tube of Solidex glass should be about 550 mm. 
long and 15 mm. bore. The Schiitze reagent and 
the minimum quantity of slag wool for sealing both 
ends are introduced through the openings 32 and 
33. The three-way cocks 10 and 12 enable selective 
connection with the by-pass 13. In this manner 
all the pipelines except the oxidation tower 11 can 
be exhausted through the valve 17, carbon dioxide 
determined as well as carbon monoxide, and the 
pipes previously scavenged overnight with argon 
so as to be immediately ready for work on the 
following morning. The oxidizing tower is con- 
nected with the sample feeder by means of a 
ground-in ball joint 34. Flexible tubing connections 
should be avoided as far as possible; exceptionally, 
butyl-rubber tubing may be used. 


Determination of carbon dioxide 

In the vacuum method hitherto in general use 
the repeatedly necessary insertion of a new graphite 
crucible causes a definite slowing up, when progres- 
sively testing long series of samples. If the sample 
weight were to be reduced from the usual, approxi- 
mately 10 g. to 0-5 g., about 200 samples could be 
tested with only one graphite crucible. This 
presumes, however, that the method of deter- 
mination is sufficiently sensitive to respond to the 
oxygen or carbon dioxide quantities now reduced 
to one-twentieth with undiminished accuracy. 
The electrolytic method presently described fulfils 
this condition and has the further advantage that 
the actual measurement can already be performed 
while the remaining traces of carbon dioxide in the 
gas piping are being swept out by the argon. The 
time for determination is thus reduced to the time 
necessary for scavenging the residual carbon 
monoxide and -dioxide. 

The procedure is founded on the method of 
W. Oclsen and associates‘ as improved by K. 
Abresch, with the following features: instead of 
the usually rather unstable platinum electrode, an 
alkali-resistant glass electrode is used as the in- 
dicator. Potential measurements are made with 
a valve voltmeter 15 (fig. 1). The potential surges 
occurring when the electrolyzing current is switched 
on and off can be avoided by screening the glass 
electrode with an earthed platinum wire. 

The glass frit hitherto used in the 
gas-feed tubes is replaced by a fine-mesh screen 
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of textile fabric which is attached to a funnel- 
shaped extension of the tube. The gas-feed tube 
is caused to vibrate vertically with the same fre- 
quency as the mains supply, by the action of a small 
vibrator. To prevent the development of chlorine 
in the anode tube, which is particularly unpleasant 
when cleaning the apparatus, the electrolyte consists 
of a solution of barium chloride. The calomel cell 
acting as reference electrode must then, however, 
be made up with sodium chloride since otherwise 
the precipitation of potassium perchlorate on the 
diaphragm which takes place after a certain time 
may cause disturbances. 

Fig. 1 shows next the coulometer 16 and the 
absorption tower 14 with the connections for the 
electrolysis and indicating circuits. The com- 
ponents accommodated therein are illustrated in 
fig. 5. The cylindrical glass tower 35 is 180 mm. 
high and about 80 mm. dia. At one side and about 
15 mm. above the bottom is a platinum cathode 36 
about 0-5 cm. square, fused into the glass. The 
absorption liquid is stirred by the magnetic agitator 
37. The tower is closed by a Perspex lid 38 which 
has openings for inserting the components shown 
on the right of the figure. The platinum anode 39, 
also 0-5 cm. square, is contained in the anode tube 
40 and separated from the cathode by the clay 
diaphragm 41. The indicating electrode is the 
alkali-resistant glass electrode 43 screened by the 
platinum wire 42; the reference electrode is a 
calomel cell 44. The gas feed tube 46 closed by 
the fabric mesh 45 is made of Perspex. 


Required solutions 

Barium perchlorate solution (a): 50 g. barium 
perchlorate-3-hydrate and 10 cm.’ iso-propanol, 
dissolved in 1,000 cm.* water. 

Barium perchlorate solution (b): 400 g. barium 
perchlorate-3-hydrate, dissolved in 1,000 cm.* 
water. 

Sodium carbonate solution: 0-5 anhydrous analysis 
grade sodium carbonate dissolved in 1,000 cm.* 
water. 

Sodium chloride solution: 190 g. sodium chloride, 
analysis grade, dissolved by heating in 500 cm.* 
water. After cooling to 20°C., the solution is 
poured off the sediment. 

A solution of 140 cm.* barium perchlorate (a) is 
poured into the absorption tower and 5 cm.* sodium 
carbonate solution added. The switch compart- 
ment of the calomel electrode 44 is filled with the 
sodium chloride solution and the anode tube 40 
with the barium perchlorate solution (6). The 
hydroxyl-ion concentration necessary for the absorp- 
tion is then produced electrolytically, operating on 
about 9-6 coulombs, e.g. 8 min. with 20 milliamps. 
This is done while passing argon through the 
apparatus; the magnetic agitator and the vibrator 
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are also connected. The potential difference 
between the glass and calomel electrodes on com- 
pletion of the electrolysis as indicated by the valve 
voltmeter is taken as the reference point for the 
ensuing measurements, and is usually 450—470 
millivolts. 


Apparatus for oxygen determination 

An important prerequisite for accurate results is 
the lowest possible blank value. When using the 
Carrier-gas method it must be endeavoured to get 
at least as low a blank value as in the custemary 
vacuum process. Oxygen and oxygen-liberating 
impurities may be contained in the argon and in 
the graphite of the furnace. The proportion which 
is brought over by the carrier gas should be im- 
measurably, or at least negligibly, small. The 
magnitude of this proporticn can be determined 
from mutual comparison of the blank values of 
the carrier gas and vacuum method respectively 
which requires identical test conditions, such as 
identical crucible material, like temperatures and 
degassing times. 

The blank value component introduced by the 
furnace graphite occurs in both methods and, in 
addition to adsorbed oxygen, probably also contains 
oxidic contaminations of the graphite. It is 
significant that the last residues of this oxygen are 
only very slowly liberated, hence they produce in 
the course of a test series a practically constant 
blank value. It is probably the cooler parts of the 
graphite, nearest the cooling water circulation, the 
oxidic contaminations whereof are more slowly 
reduced in accordance with the temperature 
gradient. If a high-frequency furnace is used, the 
graphite can be better heated and the reduction of 
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the blank value performed more quickly and 
effectively. On the other hand, the crucibles used 
in this case are appreciably smaller and the dis- 
advantage—apart from worsening of the tempera- 
ture stability conditions—of a more frequent 
crucible change must be accepted. 

In view of the smaller sample quantities, the 
carrier-gas method is somewhat at a disadvantage 
compared with the vacuum method, since the 
influence of the blank value is more pronounced. 
On the other hand, however, this proportion is 
greatly reduced by the shorter determination time; 
further, the blank value is more easily and accurately 
determined than in the vacuum method since, in 
the latter, before introducing a new sample, the 
melt must be cooled by cutting off the heating for 
about 3 min., since otherwise introduction of such 
large sample volumes easily causes parts of the melt 
to splash out of the crucible. It should be remem- 
bered in this regard that the blank values due to 
the graphite are temperature-dependent. 

In order to save time, the blank value of the 
apparatus should be reduced to a minimum as 
quickly as possible. For reasons as yet unexplained, 
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this cannot be satisfactorily accomplished by heating 
and scavenging with argon. It is consequently 
necessary to exhaust the apparatus completely, the 
attainable blank value being the lower, the higher 
the vacuum obtained. Simultaneously, the graphite 
crucible is heated to the highest possible tem- 
perature, which should be from 200 to 300°C. 
higher than the melting temperature of the samples. 
The taps 6, 10, 17 and 12, as shown in fig. 1, are 
then set so that argon escapes at 6 and the line is 
closed in the direction of the furnace; tap 10 
connects the pipe 9 with tap 17 and is closed to 
the oxidation tower 11; tap 12 is closed to the 
communicating pipe 13; through the tap 17 the 
system is exhausted, in the first instance to 1 mm. 
Hg, by the vacuum pump 20. The pressure is 
recorded by the vacuum gauge 18. Simultaneously, 
after starting the cooling-water circulation, the 
graphite crucible is heated to between 1,900 and 
2,000°C. in 10 to 15 min. This temperature is 
further held for about 20 min., after a vacuum of 
about 10-* mm. Hg has been produced by means 
of the mercury-vapour pump 19. Degassing is 
usually completed in 45 min. Then, while con- 
tinuing to run the vacuum pump, the graphite 
heating elements are allowed to cool for about 
6 min., the vacuum cock 17 is closed and the 
pumps disconnected, since they will no longer be 
required for the following test series. While 
watching the flowmeter 4, the tap 6 is carefully 
opened and argon allowed to flow into the exhausted 
part of the apparatus. When filling is completed, 
the arogn is first diverted through the by-pass 
pipe 13 into the absorption tower 14, after which 
the latter is filled with the absorbent solution in 
order to prevent the solution flowing back into the 
feed pipe. 

The glass container or head 8 shown in fig. | is 
for introducing the samples. Further details are 
shown in fig. 6. The seal is composed of three 
brass components, whereof component 47 is firmly 
cemented to the glass, while component 48 screws 
down the cover plate 50 with a rubber packing 
ring 49. In the centre is a viewing hole 51. The 
expanded part of the glass chamber 8 receives the 
sample stock container 52 which is likewise of glass. 
The samples are charged from the side, between the 
individual rings. By means of a magnet, they can 
be moved horizontally until they fall through the 
opening 53 into the graphite crucible. To prevent 
the magnet from attracting also other samples on 
the next highest ring, these are externally screened 
from the magnetic field by a movable iron ring 54. 
The sample stock container can take up to 150 
samples of 0-5 g. each, in 13 layers. 

Since the duration of a determination is prin- 
cipally determined by the time required to scavenge 
the last traces of carbon monoxide and carbon 
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dioxide, it is important to have as little as possible 
dead space of clearance in the apparatus. If the 
quartz tube 7 is shortened, the glass container 8 
omitted, and the samples introduced individually 
into the feeder 9, the determination time can then 
be shortened by about 30°,,, in view of the con- 
sequent reduction in’ volume (fig. 4—right-hand). 
As soon as the gases from the first sample have been 
removed, the handle 55 is used to open the cover 
plate briefly, for the introduction of the next sample; 
a counter-current of argon prevents atmospheric 
oxygen from reaching the hot graphite. Neverthe- 
less, this arrangement has not made the glass con- 
tainer 8 superfluous. At the least, when a new 
graphite heating element is taken into use, the view- 
ing hole 51 is required in order by pyrometer 
measurement to determine the relationship between 
the temperature of the crucible charge and the 
corresponding heating current intensity required. 

The samples must be machined at a slow rate, to 
prevent heating. They are of disc form with a 
diameter of 7—8 mm.; the surface should be as 
smooth as possible. The weight is about 0-5 g.; 
if the oxygen content is extremely low, the weight 
of the sample can be increased correspondingly. 
For degreasing, the samples are washed in alcohol 
and, after drying, introduced into the apparatus 
with tweezers. 


Method for oxygen determination 

Having made all preparations according to the 
preceding sections, the determination can begin. 
Firstly, the argon gas stream is switched from the 
by-pass pipe 13 (fig. 1) to the Schiitze reagent 11. 
It is important in this regard first to operate tap 12 
and then only tap 10, since the column may still 
contain oxygen and carbon dioxide from the atmos- 
phere, which would otherwise diffuse back into the 
reaction space. The carbon dioxide displaced from 
the column produces in the absorbent solution a 
slight potential displacement of the glass electrode; 
this is titrated back electrolytically to the reference 
point. Then I-g. steel is placed in the graphite 
crucible, degassed, and the blank value of the ap- 
paratus determined as accurately as possibie, the 
quantity of charge required during the space of 
7 min. to return the millivolt reading of the glass 
electrode to its reference point being measured. The 
constancy of the blank value should suitably be 
checked by repeated measurements. 

The samples are then fed at regular intervals into 
the graphite crucible for degassing. Degassing of 
most grades of steel using the glass container 8 
(fig. 1) is usually completed in 10 min., and if using 
the sample feeder 9, within 7 min. During this 
time, back-electrolysis to the reference potential can 
already be performed, so that at the end of the 
scavenging time the electrolysis is also completed, 
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after which the next sample can immediately be fed 
in. No tap need be touched to do this; it is only 
necessary to control the constancy of the working 
conditions, e.g. the flow velocity of the carrier gas 
at 500 cm.*/min., and the constancy of the heating 
current intensity. Even time intervals and an 
electrolytic current value of 24-1 milliamps facilitate 
calculation of the blank value and the result. 


The oxygen content of a sample is calculated with 
allowance for the blank value by the following 
formula: 


it 8-29 10-* 


od E 


P = oxygen content, °;, 

i electrolytic current intensity, milliamps 
t electrolysis time of the sample, sec. 

E = introduced sample weight, mg. 


In a properly working apparatus, the blank value 
should be about 2 « 10-*g.O/min., i.e. 7 sec. 
electrolysis time with a current intensity of 24-1 
milliamps and a determination time of 7 min. 


Experimental results 


From five bars of Armco iron, 90 samples were 
prepared weighing about 7 g., and 180 samples 
weighing about 0-5 g. each. The samples were cut 
off consecutively in such manner that one large 
sample was always followed by two small samples, in 
order to allow for scattering due to irregular oxygen 
distribution. The vacuum method produced a 
mean value of 0-0567°,, O with a standard deviation 
of 0-0016°%, O. The carrier-gas method produced 
in the one series 0-0584°,, O, in the other series 
0-0585°,, O, as a mean value with, in each case, an 
equal standard deviation of 0-0012°,, O. 


In the carrier-gas method the measuring accuracy 
(dO) is determined by the measuring error in the 
weighing in (d£), electrolytic current intensity (dz) 
and time (dz). Assuming that these three measuring 
errors accidentally act in the same direction, the 
relationship: 

dO dE di dit 
O E i t 
applies. 

Assuming further that dE = 3 x 10-“g., di 
0-15 milliamp, and dt = | sec., it follows that the 
error in the samples tested was in the least favour- 
able case 8 « 10-*°,, O. The fourth place after the 
decimal is consequently quite unreliable, but for the 
analytical evaluation, it remains necessary. 
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In a further series of tests, 200 samples of dif- 
ferent provenance, with oxygen contents between 
0-002 and 0-150°,, were tested by the vacuum 
method and by the carrier-gas method respectively. 
The agreement between the results was satisfactory, 
even for the aluminium-killed steels. The difference 
between the results obtained by the two methods 
was no greater than that between repeated tests by 
the vacuum method. 


The fact that the standard deviation is even some- 
what less than in the vacuum method appears to 
justify the reduction of the sample weight to 0-5 g. 
On the other hand, it is always necessary to make 
allowance for inhomogeneities and inclusions in the 
sample, which may cause errors, even in the vacuum 
process; particularly since, with samples weighing 
as much as 10 g., double determinations are prefer- 
ably avoided. It is always advisable to make double 
determinations for any new kind of sample. In this 
regard, the smaller sample is even more advan- 
tageous, since in that case an accidental oxide 
inclusion will show an even clearer deviation from 
the standard or reference sample. This enables a 
better evaluation of the sampling quality. 


It has further been found that the metal-coating 
of the quartz tube in the furnace—usually a man- 
ganese deposit—which is so much feared in the 
vacuum method, owing to its ‘ getting’ effect, is 
much less noticeable in the carrier-gas method. 
There is no continuous film, but only a slight, pow- 
dery deposit. This does not yet, however, justify the 
conclusion that this explains the approximately 
0-0018°,, O higher values obtained with the carrier- 
gas method: it could equally well be conceived that 
the higher readings may be due to the relatively 
greater exposed surface area of the lighter samples. 


Preparation of the apparatus (cleaning and de- 
gassing) requires about 90 min. In 8 h., about 50 
samples can be tested; and, if required, up to 180 
samples in 24 h., working in three shifts, without 
having to change or replace anything in the appara- 
tus. The visible and relatively simple construction 
and operation of the test equipment enables even 
semi-skilled personnel to be used for the tests. 
Finally, fully automatic oxygen determination is also 
possible, when, apart from the preparation of the 
apparatus and samples, the activities of the labora- 
tory worker are limited to feeding in the samples. 
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ALTHOUGH CONTINUOUS or semi-continuous furnaces 
are used for many applications, the batch method 
has generally been found to be satisfactory for the 
heat treatment of aluminium in its various stages of 
production. Three electric batch furnaces, of the 
twin chamber type, built and designed by G.W.B. 
Furnaces Ltd., are installed in the works of 
Aluminium Wire & Cable Co. Ltd. at Port 
Tennant, Swansea. 

Aluminium Wire & Cable Co. Ltd. was formed 
in 1946 to specialize in the production of aluminium 
wire and stranded conductor for overhead power 
transmission and distribution lines. The company 
was formed as a joint project resulting from the co- 
operation of several large companies who pooled 
their resources tc provide maximum facilities for 
research and development. Included in the present 
range of products are hot-rolled rod; solid and 
stranded conductors; round wire in coils, on reels, 
or in straight lengths; wire in rectangular and other 
sections; rivet wire; nail wire; flattened wire, etc. 
Materials processed comprise various grades of 
aluminium, from commercial purity to super purity, 
and a wide range of aluminium alloys, delivered to 
the works in the form of wirebars, 4 in. square and 
9 ft. long. 

A high-speed, semi-continuous rod mill progres- 
sively reduces the wirebars pre-heated in electric- 
resistance furnaces, by passing them between a 
series of rotating grooved rolls until the required 
size of round rod (usually ? in. diam.) is obtained. 
The potential output of the mill is 30,000 tons a 
year. Wire-drawing machines, including heavy- 
duty single-die machines, multi-die machines for 
drawing intermediate sizes, and multi-die fine-wire 
machines, draw the wire to the finished sizes, the 
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wire 


The complete heat-treatment line of three furnaces. Cotls 
are being withdrawn from the end furnace 


normal range being from { in. diam. down to 
0-0052 in. diam. 


Types of heat treatment 

Intermediate and final annealing and heat treat- 
ment, essential processes in the production of 
many grades of aluminium and aluminium-alloy 
wire, are carried out in the G.W.B. furnaces. The 
various purities of aluminium and certain aluminium 
alloys derive their strength from work hardening 
during drawing and may be softened by closely 
controlled annealing at temperatures of the order 
of 380°C. Other alloys derive their strength from 
heat treatment after drawing. Such alloys fall into 
two categories, the first of which harden at room 
temperature after solution treatment and those 
which require a further heat treatment, known as 
precipitation treatment, to attain maximum strength. 

The temperature of the solution heat treatment 
varies according to the composition of the alloy 
being processed, but is generally in the region of 
500°C. A feature of this process is the rapid quench 
that is required immediately the material is with- 
drawn from the furnace, so as to fix the alloying 
elements which have been brought into solution by 
the heat treatment. Care is taken to ensure an 
even, speedy quenching to avoid the distortion and 
uneven physical characteristics which would result 
in the metal in the event of uneven quenching. 

Precipitation hardening is normally carried out 
within the range 170-190°C. For this low-tem- 
perature heat treatment, the power input to the 
furnace is reduced from the maximum available by 
means of Delta/Star switching, which has the effect 
of reducing the power to one-third. This power 
reduction when operating at the lower temperature 
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range, during which less power is required, assists 
in reducing wear on the furnace contactors. 


Furnace installation 


The three G.W.B. furnaces are installed in a heat 
treatment line and are served by a single Gibbons- 
van Marle charging machine which traverses along 
a track running the length of the treatment line. 
This machine is all electric and has two charging 
arms with a run-out of 14 ft. 3 in. and capable of 
handling a load of 1} tons. The maximum dis- 
charge speed is 200 ft./min. with an average speed 
of 100 ft./min. and the lifting motion is 10 sec. This 
arrangement allows a speedy quench when solution 
treatment is being carried out. The traversing 
movement of the charging machine is approximately 
100 ft./min. 

Between the furnaces and in line with them are a 
series of charge tables, the tops of which are grooved 
tu accommodate the arms of the charging machine. 
The overhead crane is only used for placing the 
charge skips on the loading tables initially and re- 
moving the heat-treated charge from them for 
transfer to another part of the works, and for placing 
the charge into and removing it from the quench 
tank when solution heat-treatment is being carried 
out. There are two quench tanks sunk into the 
floor, on the inside of the charging machine track, 
in front of the first and third furnaces. 

The first two G.W.B. furnaces were installed at 
the end of 1949 and to cope with increased produc- 
tion a third was subsequently installed. The heating 
chambers are 12 ft. long « 4 ft. 6 in. wide = 3 ft. 
usable height, and the walls are lined with heavy 
aluminized mild-steel plate, while specially moulded 
refractory bricks form the roof arches. These 
linings are backed by insulating bricks and semi- 
rigid, slab-type insulation to reduce heat losses to a 
minimum. Bonded refractory and semi-refractory 
brickwork lines the heat-resisting steel hearth 
tracks which accommodate the arms of the charging 
machine. Three rows of heat-resisting charge sup- 
ports extend the full length of each chamber and 
are provided with holes designed to ensure efficient 
air circulation under and vertically through the 
aluminium coils. 

The heating chambers are rated at 144 kW. each, 
in two independent automatically controlled zones. 
This rating is reducible by Delta/Star switching, 
working in conjunction with temperature control- 
lers, for use during soaking periods or for low- 
temperature treatments. Each zone has its own 
forced-air circulation system provided by air circula- 
tion fans directing an air current through heating 
elements which are suspended from the furnace 
roof, and are of nickel-chromium strip in sinuous 
form arranged edge-on to the air flow. Aluminized 
mild-steel baffle plates separate the heating elements 
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from the chamber, thus preventing direct radiation 
on to the sides and top of the charge; these baffles 
are designed to direct the high-speed air flow 
through the elements, under and up through the 
charge. Each of the multi-blade, high-velocity 
fan units fitted in the roof is mounted on a high- 
tensile shaft carried upon heavy ball and roller 
bearings. A heat-dissipating rotor fitted directly 
above the furnace top plate ensures permissible 
bearing temperatures, and the shaft is driven 
through Vee ropes by an independent, totally- 
enclosed motor mounted as a unit on the top beams 
of the furnace casing. 

Each chamber has an independent, steel-encased, 
fully insulated and balanced door; the doors are 
driven automatically by an electric motor, and 
operation is by push-button control from the 
furnace front. To cut out heat losses the doors are 
arranged to clamp automatically against the front- 
plate when closed. 

The number of alloys requiring different treat- 
ments, and the variety of heat treatments carried 
out, necessitate a high degree of temperature control 
for each furnace. This is provided automatically 
by a G.W.B. totally enclosed instrument cubicle 
housing four potentiometric non-indicating con- 
trollers, two potentiometric two-point recorders, 
which enable a visua, “eck to be made at any time 
during the process cycle, and automatic time 
switches. The necessary switchgear is contained in 
another G.W.B. cubicle housing the four furnace 
contactors, Delta Star fan motor starting contactors, 
etc., and the rating reduction switches. Safety 
contacts are fitted to the recorders so that the main 
electric supply is cut off automatically in the event 
of accidental overheating in any zone. 


Precipitation from solid solution 


The valuable mechanical and magnetic properties of 
many alloys are developed by the formation of a dispersion 
of impurity particles. This dispersion is formed by 
cooling the alloy from high temperatures at which the 
impurity is soluble and ‘ ageing * at a lower temperature. 
During ageing, the impurity segregates or precipitates 
into many discrete particles which form a dispersion. 
The rate and mechanism of this precipitation is under 
investigation and it has been found that, depending on 
the alloy, precipitation may occur by any one of three 
mechanisms. These mechanisms have now been worked 
out in detail for a number of systems. In some alloys 
the precipitation rate is r markably dependent upon the 
thermal history of the specimen. For example, in certain 
aluminium alloys the precipitation rate for a very rapidly 
cooled specimen can be 1,000 times greater than for one 
cooled at a moderate rate. According to the General 


Electric Research Laboratory, New York, it has been 
demonstrated that this enhanced rate in the rapidly 
cooled specimens is not due to quenching strains but is 
brought about by the action of crystal imperfections, 
probably holes of atomic size, which are present in the 
a at high temperature and which are retained during 
cooling. 
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NEWS 


Quality labels on chromium plate 


Tue Monp SCHEME for quality plate has been made 
possible by the existence of a new British Standard com- 
bined with the development of a non-destructive means 
of checking the thickness of the plate. Without such 
instruments the good and the shoddy are indistinguishable 
when new. The essence of the Mond Scheme is, there- 
fore, to tell the customer—whether in store, shop or 
garage—when he is buying the good quality. This will 
be done by affixing to the goods labels stating that the 
plating is to one of the three grades of the British Standard. 
The labels will be issued by the Mond Nickel Company 
Ltd., at cost against an undertaking by the plater or the 
manufacturer. They will be of a characteristic, fixed, 
heptagon shape, but will vary in colour and wording 
according to the gradings of the British Standard for 
severe, moderate or mild service. They will vary also in 
size and presentation to suit the variety of goods and their 
packaging. j 

The success of the scheme will depend on the co- 
operation of not only the platers but also of manufacturers 
who specify plating in their products. The Mond Nickel! 
Company is convinced that, with modern facilities and 
improvements in the process, chromium plate can be 
regularly produced as a sound serviceable finish and that, 
if the trade will take pride in it, public confidence can be 
fully established. 

This improvement will, furthermore, be facilitated by 
technical support from the Mond Research and Develop- 
ment Department. Technical assistance and advice is 
always available and research facilities at the Birmingham 
Laboratories have recently been increased. It is hoped 
that full use of these services will be made by all con- 
cerned with plating whether platers, manufacturers or 
designers. 

As is shown by the British Standard (B.S. 1224; 1959), 
an adequate underlay of nickel is essential to good chro- 
mium plate, for this reason the Mond Nickel Company is 
bearing ali charges, except the cost of the labels; it is 
prepared to continue these efforts for several years, but 
it hopes that an independent, non-commercial organization 
will ultimately be formed by those who believe in the 
value of good workmanship. 

The scheme is fully described in the publication, 
* Confidence in Plating,’ copies of which are obtainable 
from the Mond Nickel Company Ltd., Thames House, 
Millbank, London, S.W.1. 


Dounreay reactor 


The starting-up recently of the fast breeder reactor at 
Dounreay in the North of Scotland focuses attention on 
the activities of the Morgan Crucible Co: Ltd. This 
company has been permitted to reveal that for the first 
time special borated graphite blocks were used by the 
UKAEA in the assembly of the shield which surrounds 
the reactor vessel at its experimental station at Doun- 
reay. The blocks were made and machined by the 
Morgan Crucible Co. Ltd., at its works at Norton, near 
Worcester. This factory is not engaged in the production 
of nuclear pure material and was, therefore, chosen as one 
suitable for handling large quantities of boron compounds. 

The purpose of the borated graphite is to slow down 
fast neutrons and then absorb them in the shortest pos- 
sible distance, thus providing a safety screen. Most of 
the borated graphite contained 0-3°%, boron, but some 
contained 5°.,—in both cases very uniformly distributed 
throughout the graphite. The blocks themselves were 
machined to 500 different patterns. Some of the patterns 
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were so intricate that wooden dummies had first to be 
made to ensure that it was practicable to machine them in 
graphite. As a final check, the layers of finished graphite 
blocks were assembled at Norton into their complicated 
form of eccentric circles. 

The blocks, painted with distinguishing coloured bands 
to avoid any risk of confusion with nuclear pure material, 
were then packed into cartons for the journey. Transport 
to Dounreay was by heavy lorry which made one 
round trip of 1,500 miles per week, taking the whole 
dry season of one year—some eight months in all. 


NEW STOVING ENAMEL 

A new one-coat stoving enamel which will imcrease 
productivity and cut production costs is now being manu- 
factured by Lewis Berger (Great Britain) Ltd. 

This new enamel—Bergercron—is harder and yet more 
flexible than any other on the market. It resists heavy 
impacts, acids, stains and corrosion. Its high gloss, depth of 
finish and smooth appearance make it ideal for domestn 
appliances such as refrigerators, washing machines and 
cookers. 

It ts also suitable for steel office furniture, the strip coating 
and container industry, air conditioning plant and hospital 
and medical equipment 

Bergercron will stand up to heavy handling and service 
conditions as well as extremes of temperature and humidity 
im overseas markets. 

Direct application to metals is possible without the use 
of a primer thus eliminating double applications and double 
stoving operations. 

The picture shows the preparation of white pigment base 
at the Chadwell Heath factory. 
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The rare earth group 


For some years Johnson Matthey & Co. Ltd. has 
produced the rare earths and recent research into the 
application of ion-exchange techniques to the separation 
of these materials has made them available in large 
quantities, in various grades of purity, and at much lower 
cost than hitherto. 


New techniques have also been applied to the pro- 
duction of the rare earth metals and all the 14 ‘ lan- 
thanons’ that occur naturally and the related elements 
scandium and yttrium are now available in a state of high 
purity. 

All of the 16 metals have been remelted into ingots or 
rods. Lanthanum, cerium, neodymium, praseodymium, 
yttrium and gadolinium have been successfully extruded, 
and subsequently drawn to fine wire. 


A publication, ‘ Products of the Rare Earth Group,’ 
just issued by the company, describes the properties, 
characteristics and availability of this potentially valuable 
and very topical range of materials. This is available 
free on request to the company’s head office at 73-83 
Hatton Garden, London, E.C.1. 


*Gas at work in industry’ 


An exhibition illustrating ‘Gas at work in industry’ 
will be held at the Royal Horticultural Hall, Westminster, 
from March 1 to 12. 


It is the second of its kind, the first having been staged 
in 1957, and proving so successful that there have been 
many requests for another on similar lines. As in 1957 
the exhibition is sponsored by four of the Area Gas 
Boards—Eastern, North Thames, South Eastern and 
Southern. 


There will be demonstrations of metal melting, tinning, 
diecasting, and special purpose plant for the clean heat 
treatment of metals. Another feature will be the vitreous 
enamelling of aluminium, of special interest as it will 
employ plant of new design. Drying operations by means 
of direct and indirect plant will be seen, and an infra-red 
plant will carry out paint finishing operations. 


Welding of nickel alloys 


A Birmingham manufacturer of nickel alloys has 
opened a customer advice bureau to give a free information 
service on the technique of joining these materials. The 
firm, Henry Wiggin & Co. Ltd., also provides practical 
help in oxy-acetylene, argonarc and metallic arc welding. 
The oxy-acetylene and argonarc equipment used in the 
bureau is supplied by British Oxygen Gases Ltd. 


LC.L. plans £1,000,000 extension 


L.C.1. is to build a major extension to its trichloro- 
ethylene and perchloroethylene plants at Castner- 
Kellner Works, Runcorn, at a cost of £1,000,000. 


Technical service and development work on the uses of 
these two solvents has been carried out by I.C.1. over 
many years, and this has led to a growing demand for both 
products, particularly in the engineering industry for 
metal-degreasing and also for dry-cleaning. The extension 
now planned will increase the Company’s combined 
capacity for these two solvents by 25°... 


The extension will be based on a new manufacturing 
process which is expected to lead to lower production 
costs. It will be completed in 1961. Initial reductions of 
£1 10s. per ton in the price of trichloroethylene and £5 
per ton in the price of perchloroethylene have been 
introduced this month. 
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Institute of Metals 


Dr. W. C. Winegard (Associate Professor of Metal- 
lurgy in the University of Toronto) has accepted an 
invitation from the Metal Physics Committee of the 
Institute of Metals to lecture on * Solidification of Alloys.’ 
The lecture will be given at 6.30 p.m. on Wednesday, 
February 10, at 17 Belgrave Square, London, S.W.1. 
Visitors will be welcome. No tickets are required. 


The Institute of Metals 

The Prime Minister (The Right Hon. Harold 
Macmillan, M.P.) has accepted an invitation to be the 
principal guest and speaker at the annual dinner of the 
Institute of Metals, which is to be held in the Great 
Room, Grosvenor House, London, W.1, on March 31. 
The United States Ambassador has accepted to reply 
to the toast of ‘ The Guests.’ 


Change of address 

High Duty Alloys Ltd. announces that as and from 
January 1, 1960, it will be closing its Hillington, 
Glasgow, office and opening a new one at the following 
address: De Quincey House, 48 West Regent Street, 
Glasgow, C.2 (Douglas 1500). 


The British Welding Research Association has moved 
the London office to 19 Fitzroy Square, London, W.1 
Euston 9595 6). 

All invoices and remittances against invoices should 
be sent to the above address. 

Requests for library loans, and orders or enquiries for 


publications, should be addressed to Abington Hall, 


Abington, Cambridge. 


Adding materials below the surface of a melt 


Designed and developed by British Oxygen Research 
and Development Ltd., a metallurgical powder dispenser 
which enables a range of powders and metals to be added 
under the surface of a melt is being marketed by British 
Oxygen Gases Ltd. 

In the treatment of cast iron both calcium carbide 
and graphite can be injected into the molten metal using 
a stream of nitrogen and an electro-graphite lance. 
Calcium carbide is used as a desulphurizer and an addition 
of 1°., made at a metal temperature of 1,400°C., will 
halve the sulphur content at any level. Graphite is 
added as a recarburizer and inoculant and gives a high 
recovery. The treatment can be carried out in suitable 
covered ladles, receivers or induction furnaces. 

One outstanding success of the new technique has been 
the injection of mixtures of calcium carbide and graphite 
into iron melted from a high proportion of steel scrap. 
Normally such iron has a high sulphur and low carbon 
content. Not only can the composition be corrected by 
the carbide-graphite mixture, but a practice can be 
established which effects substantial economies in 
metallic mixture costs. 

Current practical investigations in selected iron foun- 
dries and alloy steelworks indicate that the dispenser 
may have a much wider field of application. The intro- 
duction of desulphurizing and inoculating agents, either 
separately or together, should increase the scope of 
dispensing techniques in the manufacture of ductile iron. 
Other interesting applications would be in electric furnace 
steelmaking for the introduction of lime for desulphurizing 
and also certain ferro-alloys. 

The dispenser has a capacity of 150 Ib. of carbide or 


100 Ib. of graphite. These powders can be dispensed at 
up to 30 Ib./min., with a nitrogen consumption of as 
little as $ cu. ft. Ib. of material added. 
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PEOPLE 


Mr. S. Johnson, director, Daniel Doncaster & Sons Ltd., 
is to succeed Mr. J. H. Swain as president of the National 
Association of Drop Forgers and Stam on the retire- 
ment of Mr. Swain at the next ann general mecting, 
March, 1960. 

Mr. ‘ Sam’ Johnson is commercial director of Daniel 
Doncaster & Sons Ltd. He has served all his working life 
with this great Sheffield firm, which was founded in 1778. 

Mr. Johnson is well known and respected by members 
of the NADFS. His name first appears as being ‘ in 
attendance’ on the old Executive Committee of the 
Association as far back as 1938. He became a member of 
that Committee in 1943 and has been a member of the 
new Governing Council since 1945. He has been a 
member of the Commercial Committee since 1945 and 
was vice-chairman from 1956 to 1958. He is also a member 
of the Technical Committee. In 1946, Mr. Johnson, at 
the request of the Director of Drop Forgings of the 
Ministry of Supply, led a team on a visit to Germany to 
make a review Of the German steel drop-forging industry 
at the conclusion of hostilities. 


Consequent upon the recent death of Mr. R. B. Dakin, 
who was deputy chairman and joint managing director of 
Walter Somers Ltd., the following changes of office have 
been made in the board: Mr. Walter Somers has been 
appointed deputy chairman and joint managing director; 
Mr. A. C. Somers has been appointed sales director; 
Colonel T. V. Somers, 0.B.£., has been appointed produc- 
tion director, and Mr. D. C. Tyson—until now in charge 
of the Light Forge—has been appointed assistant to 
Colonel T. V. Somers; and Mr. W. M. Grainger, secre- 
tary, and Mr. D. D. Carrington, engineer, have both 
been appointed to the board of directors. 


Mr. Hermann Kaufmann, until recently managing 
director of Hermann Kaufmann Ltd., has joined the 
board of B. O. Morris (Holdings) Ltd., of Coventry, 
manufacturers of the Morrisfiex range of flexible shaft 
machines, automatic polishing machines and metal- 
finishing equipment. 

Mr. Kaufmann is also a director of Herka Investments 
Ltd., Phoenix Appliances Ltd., and Eugene Ltd. 


Mr. R. J. Dixon has been appointed director and 
general manager of the machine tool manufacturing 
company of Wickman Ltd. 


Mr. R. F. Summers (chairman, John Summers & 
Sons Ltd.) has succeeded Mr. Lewis Chapman, c.B.z. 
(chairman, Jessop-Saville Ltd.), as president of the 
British Iron and Steel Federation. 


Mr. C. R. Wheeler, c.B.£. (chairman, Guest Keen 
Iron & Steel Co. Ltd.), has been appointed president- 
elect of the Federation for 1960. 

Mr. C. R. Wheeler entered the steel industry on leaving 
school in 1922. On the outbreak of war, Mr. Wheeler 
joined the Iron and Steel Control of the Ministry of 
Supply as Assistant Controller, Raw Materials. In 1943 
he headed the British Delegation to the Joint Metal- 
lurgical Committee in the U.S.A., which considered and 
reported on alloy steel and alloy conservation. In 1945 he 
‘was appointed Controller of Iron and Steel. For his war 
services he was awarded a c.B.E. in 1946. He has repre- 
sented the Government on the Steel Committee of the 
Economic Commission for Europe and the Committee 
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of European Economic Co-operation, and he was present 
as an adviser at the Foreign Ministers’ Conference in 
Moscow in 1947. 

Mr. Wheeler has been a member of the Council and 
the Executive Committee of the British Iron and Steel 
ge and chairman of B.I.S.C. (Ore) Ltd., since 

He is also chairman of the Federation’s Inter- 
cooled Trade Relations Committee. 

Mr. Wheeler is a director of Guest Keen and Nettle- 
folds Ltd., and his other directorships include Associated 
Electrical Industries Ltd. and George Wimpey & Co. Ltd. 

He was High Sheriff of the County of Glamorgan in 
1955/56 and president of the Iron and Steel Institute 
in 1958/59. He is a Chevalier de la Légion d’Honneur 
and is a member of the Court of Governors of the Uni- 
versity College of South Wales and Monmouthshire. 

Mr. Wheeler was born in 1904 and is married, having 
one son and two daughters. 


Dr. Maurice Cook, who has been chairman of I.C.I. 
Metals Division for the past two years, retired from the 
Company’s service on December 31, 1959. He is suc- 
ceeded by Mr. Michael Clapham, a joint managing 
director. 

Dr. Cook, PH.D. (Cambridge), p.sc. (Manchester), 
joined the Research Department of Kynoch Ltd. in 1926. 
He was appointed research manager of the Metals Group 
of L.C.1. in 1938, and director in charge of research and 
development, Metals Division, in 1942. He became 
joint managing director in 195] and chairman in 1957. 
Until his retirement he was a director of Yorkshire 
Imperial Metals Ltd. 

A well-known figure in the world of metals, Dr. Cook 
has served on the General Council of the British Standards 
Institution, the Inter-Service Metallurgical Research 
Council, the Welding Research Council, the Council of 
the Electrodepositors’ Technical Society and the Ministry 
of Supply Metallurgy Committee. 

A former president of the Institute of Metals, Dr. Cook 
is also a past president of the Institution of Metallurgists 
(of which he is a Founder Fellow). He is chairman of the 


British Non-ferrous Research Association, a vice-president 
of the British Non-ferrous Metals Federation, a member 
of the Board of the British Nuclear Energy Conference 
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and a member of the General Board and Executive Com- 
mittee of the National Physical Laboratory. 

In 1956 he was awarded the Platinum Medal of the 
Institute of Metals in recognition of his contributions to 
the science of metallurgy, to the non-ferrous metal 
industry and to the welfare of the metallurgical profession. 


Mr. G. A. D. Smith has been appointed commercial 
managing director of I.C.I. Metals Division. 

Mr. Smith, who is 47, joined the Secretary’s Depart- 
ment of the Division in 1936. On the outbreak of war 
he became responsible for liaison between the Division 
and the Ministry of Supply on the standardisation and 
distribution of shell driving bands. Three years later 
he was appointed head of the group formed to develop 
propellant cartridges for the well-known Blacker Bombard 
and P.I.A.T. weapons. 

In 1944, Mr. Smith joined the R.A.O.C. Demobilised 
as an inspecting ordnance officer with the rank of Captain 
in 1947, he was appointed personal assistant to the 
commercial managing director of Metals Division, sub- 
sequently taking an increasing part in the Division’s 
trade association activities. He is at present vice-chairman 
of the British Non-ferrous Metals Federation Rolled 
Metal Group, chairman of the Locomotive Plate and Rod 
Group and a member of the Federation Council. 

Mr. Smith was appointed to the Board of I.C.I. Metals 
Division in 1951 and has since served as sales director and 
commercial director. 


Dr. C. J. Stubblefield, P.z.s., has been appointed 
director of the Geological Survey of Great Britain and 
Museum of Practical Geology; he will succeed Sir 
William Pugh, 0.8.£., D.SC., LL.D., F.R.S., who retires on 
July 28. 

Dr. Stubblefield, who is 58, has been with the Geo- 
logical Survey and Museum since 1928. He was chief 
palaeontologist for six years until 1953, when he became 
assistant director ‘= charge of Special Services and 
Northern Ireland. He received the degree of D.Sc. of 
London University in 1943, was elected a Fellow of the 
Royal Society in 1944, and is president of the Geological 
Society of London. He is also a vice-president of the 
Palaeontographical Society and a member of the Council 
of the British Association. 


Mr. J. P. Jessop, at present manager of The United 
Steel Companies (Pakistan) Ltd., has been appointed 
managing director of that company in succession to 
Mr. L. L. Boyd, who is returning to this country to 
become deputy commercial manager of Steel, Peech and 
Tozer. 

Mr. R. M. Marshall, who has spent several years with 
the United Steel Companies (India) Private Ltd., will 
succeed Mr. Boyd as managing director of the Indian 
company in September ‘October. 


Miss I. M. Slade, sisra’s Information Officer for 
many years, has relinquished that post to take on con- 
sulting duties in the Association’s Operational Research 
Department at the Battersea Laboratories. She will be 
closely concerned with ergonomic studies, especially in 
connection with problems involving safety and protective 
clothing, a field in which she has for long been an 
authority. 


Mr. L. W. Stevens-Wilson, formerly head of the 
Development and Steel User Section, has accordingly 
taken over new responsibilities. The distribution of 
information, the handling of inquiries, and the develop- 
ment and exploitation of the results of research, all of 
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which are related, have been combined into a single unit. 
This will be called Development and Information Services, 
with Mr. Stevens-Wilson as head. 


Elcontrol Ltd. announces that Mr. B. A. Worswick 
B.SC.(HONS.), A.INST.P., has been appointed to the post of 
technical director with a seat on the Board. 


Mr. Worswick was until recently chief engineer of 
Fischer & Porter Ltd., and previously was chief develop- 


ment engineer of Bailey Meters & Controls Ltd., after 
having served for some years with I.C.I. Ltd. 


Mr. George B. Cooke and Mr. J. S. Morton have 
been appointed to the Board of EFCO Ltd. 


Sir Owen Wansbrough-Jones, K.B.E., C.B., has been 
appointed a director of the British Oxygen Company Ltd. 


Dr. W. G. Hiscock, B.SC., PH.D., F.R.I.C., F.B.1.M., has 
been appointed chairman of the Lead Development 
Association for 1960. 


The appointment of Mr. Edwin E. Hewett as sales 
engineer is announced by Nash & Thompson Ltd. 


Mr. Hewett, who is a member of S.O.N.D.E., was 
previously a specialist in ultrasonic flow detection tech- 
niques at Cossor Instruments Ltd., and is now responsible 
for the Nash & Thompson sales of the KOVO Polaro- 
graphs and Electron Microscope throughout the United 
Kingdom 


Consequent upon his appointment to the Executive 
Board of the Incandescent Heat Co. Ltd., Mr. P. M. 
Williams has now relinquished his post as manager of the 
Foundry Plant Division of the company. His place is 


eS 


Mr. J. S. Perks 





now taken by Mr. J. S. Perks, previously assistant 
manager. 


Mr. Perks, who has a wide experience of all aspects of 
foundry work, has been with the Incandescent Foundry 
Plant Division for the past five years. He will be assisted 
by Mr. M. Jurkowski. 


Mr. B. Rosen has been appointed managing director of 
Sandvik Swedish Steels Ltd., Halesowen, Birmingham, as 
from February 1. He succeeds Mr. Olof Grundberg, who 
has been managing director of the company since 1947. 


Mr. E. Weiss, managing director of Foundry Services 
International Ltd., has been appointed chairman of the 
company. Mr. A. O. Grundberg has been appointed 
deputy managing director. 
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Electrical Aids in Industry 


Lighting -3 


Data Sheet No. 7 dealt with some actual 
applications of factory lighting. Further 
applications are given here. 


Drawing Offices 

It is fair to say that in no part of a factory 
is good lighting more important than in 
the drawing office. The draughtsman’s 
task is extremely exacting and unless the 
illumination is up to required standards, 
mistakes, loss of time and greater fatigue 
will result. 


The essential requirements are : 
High value of illumination 
(minimum of 30 foot-candles on the boards) 
Absence oi shadows 
Absence of reflections 


One of the major problems is the 
reflection of the light sources by shiny 
tracing paper, instruments, set-squares, 
etc., and particularly by the extra-hard 
pencil leads often used. Another prob- 
lem is that caused by the shadows ahead 
of T-squares and by the variety of 
angles at which drawing boards are set. 


Fluorescent lighting is particularly 
suitable because of its comparative 
freedom from shadow, its natural colour 
and because it can be localised with 
respect to drawing boards to avoid 
reflections while at the same time giving 
enough ight upward and sideways to 
satisfy the general lighting requirements 
of the office. 


A lighting solution which has been 
successfully employed for tracing is to 
light from beneath and through the 
paper which is fixed on to a translucent 
panel, thus eliminating the problems of 
shadow and reflection. 


Machine Shops 

The problems of machine-shop lighting 
vary so widely that it is impossible to lay 
down rigid rules which are applicable to 
all types of machine. Certain maxims, 
however, have proved in practice to be 
satisfactory in various trades. 
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Data Sheet No. q 


There is a strong case for the provi- 
sion of local lighting on many machines 
to enable the direction of light to be 
varied to suit the work, or to boost the 
illumination for fine work. 


In shops employing certain machine 
tools, particularly circular saws, the 
possibility of stroboscopic effects can be 
avoided by splitting lamps among the 
phases of a three-phase supply or by 
using twin lamp fittings with a split- 
phase circuit. 


Where safety goggles are used, extra 
illumination should be provided to com- 
pensate for the reduced light reaching 
the eyes 





Silhouette inspection of fabrics or 
profiles can often be used to advantage 
by placing a light source behind the 
material to be inspected. 


In general, machine-shop lighting is 
essentially an empirical science, based 
largely on a combination of general and 
local lighting, which offers immense 
scope for ingenuity. 


For further information, get in touch 
with your Electricity Board or write 
direct to the Electrical Development 
Association, 2 Savoy Hill, London, 
W.C.2. Telephone: TEMple Bar 9434. 


Excellent reference books on elec- 
tricity and productivity (8/6 each or 
9/- post free) are available-—“‘Lighting 
in Industry’’ is an example. 


E.D.A. also have available on free 
loan in the United Kingdom a series 
of films on the industrial uses of elec- 
tricity, including one on industrial 
lighting. Ask for a catalogue. 
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INSTRUMENTATION 


Multi-point potentiometer recorder 


A new potentiometer recorder of high quality, the Type 
1550, is now available from Ether Ltd. Completely self- 
contained, it can record up to 18 independent points on an 
11-in. wide, easy-to-read chart, and offers seven variable 
chart speeds. Numerals, symbols and six variable colours 
can be printed, so that each record on the chart can 
readily be distinguished. 

Measurements can be made of such variables as tem- 
perature, speed, strain, pressure, hydrogen ion (pH) and 
other quantities that can be expressed in electrical signals. 
Temperature can be measured through thermo-couples or 
through the Ether ‘ Forgemaster 60’ radiation pyrometer. 


The new potentiometer recorder is available in a wide 
selection of standard scale ranges. A clean, simple design 
offers better than usual accessibility and easy servicing 
and inspection. 

The instrument is maintained in a permanently 
standardized condition by a voltage stabilizer unit which 
can maintain voltage across the bridge to better than 0-1°,, 
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during a 20°, change in supply voltage. However, as an 
additional refinement to permit an occasional check to be 
carried out, a manual calibration check unit is also 
incorporated. 


Other features include a specially-designed amplifier, a 
full-scale printing carriage which takes only 2 sec. to 
travel across the 11l-in. calibrated chart, and a simple 
plug-in unit for easy range changing. The instrument is 
contained in an all-welded steel case, heavily sealed 
against dust and moisture. 


Change-over switch for induction heating 


The new switch is suitable for use with all Delapena 
induction heaters up to and including Model E15/25 
(25-kW. intermittent rating) and has been developed by 
Delapena & Son Ltd. to achieve the economies possible in 
production lines with two-station working. 


The two work stations are supplied by a single radio- 
frequency induction-heater generator set, and may be 
fitted with work coils and equipment of different types 
permitting the processing of component batches that have 
not, in themselves, been produced in sufficient quantities 
to maintain the induction heater in full use. 


By use of the switch the output of the induction heater 
can be switched to the alternative station on which 
alternative batches of components can then be processed. 
Of equal consideration is the use of the two-work-station 





system to allow the operations of loading and preparing of 
work to proceed alternatively at each station whilst the 
actual heating process is performed at the other. In some 
instances it may be possible to connect the work coils 
at the two stations in series with the output of the induc- 
tion heater, each station being loaded alternately to absorb 
the power output of the set, without the necessity for a 
change-over switch. In many applications, however, this 
approach is not satisfactory and to utilize the generator 
fully the R.F. output must be switched from one work 
station to the other. 


Even where the use of series coils is theoretically pos- 
sible, it is desirable in many instances, in view of 
presence of high R.F. voltages, completely to isolate the 
work station not in use. The change-over switch, Model 
ES2/25, by switching both R.F. leads, ensures complete 
reliability in this respect. 


Besides switching the R.F. power the switch also directs 
a flow of cooling water to the particular work station in 
use. The supply is obtained from one of the coil-cooling 
connections on the induction heater. The water is used 
to cool the switch internally and is then passed to the work 
coil in use by a solenoid-operated, change-over valve 
operated automatically when the electrical circuit is made. 
The used water is returned via the switch to the induction 
heater. 


Electrically, very great care has been taken in the design 


of the R.} path to reduce all stray inductances to the 
absolute minimum — with the high current- 
carrying capacity required, thus reducing impedance losses 
in the switch to the lowest possible value. All leads are of 
bus-bar type and the contacts, which have large sectional 
grea, are manufactured from unplated copper bar. 

The switch is furnished as standard with two push- 


button, remote-control boxes, each connected to the 
switch by a 10-ft. flexible lead. 


The electro-mechanical principle of operation em- 
ployed makes this equipment ideal for incorporation in 
fully-automatic production fixtures, it being a relatively 
simple matter to replace the push-button control boxes by 
cam-operated or other mechanically-operated switches. 


Change-over 
switch for 
induction 
heating 
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SITUATIONS VACANT 











INDUSTRIAL GAS REPRESENTATIVES 


With the increase in the development and utilization 
of gas for Industrial purposes, further appointments will 
be made in the Midlands to meet the demand. 


The work will involve investigation and submission of 
schemes for the use of gas for furnace heating and other 
industrial purposes. 

Applications are invited from candidates with an 
appropriate ee degree, or similar qualification. 
Experience 0 f Industrial Gas is not essential as adequate 
training will be given. 

The salary during the training period will be in the 
range of £733-£813 per annum, and subject to satis- 
factory completion of training, tment to a perma- 
nent post on a higher grade will be made. The appoint- 
ments are pensionable and subject to medical examination. 

Applications, stating age, education, qualifications and 
experience, should be sadocend to the Industrial Relations 
Officer, West Midlands Gas Board, 6 Augustus Road, 
Edgbaston, Birmingham, 15. 





JOSEPH LUCAS LIMITED 


GROUP RESEARCH CENTRE 

There is a vacancy in the Heat Treatment Department 
at Great King Street for a Metallurgist or Physicist of at 
least graduate or A.I.M. level. The applicant will be 
required to lead a team on work concerned with diffusion 
and electrical techniques for the treatment of metal 
surfaces. The post is permanent and pensionable. Salary 
according to experience but not less than £1,000 per 
annum. Apply in writing, giving full details of age, 
qualifications and experience to the PERSONNEL MANAGER, 
JosepH Lucas Limitep, Great King Street, Birmingham, 
19, quoting reference PM/GR/335. 


EDUCATION 


- COVENTRY TECHNICAL COLLEGE — 


Course on ‘ Metallurgical Failures in 
Mechanical Parts’ 


A short course intended for Metallurgists and Engineers 
will be held on Thursday and Friday, February 18 and 19, 
1960. Course fee: 1 guinea. 

Particulars and application forms from Head cf 
Chemistry Department. 





Requimep—1 secondhand, 3-ton, direct arc electric melting 
furnace complete with electrode control » with or 
without multivoltage transformer, suitable for 3 ph. 50 c. 
400/440 V. supply. Give details of size, holding capacity, 
and condition, and where it may be inspected. Box 
RS 122, METAL TREATMENT AND DROP FORGING. 


FOR SALE 





INDUCTION FACTOTUM 


Curtain up. Tumultuous applause. Figaro here, 
Figaro there. Clever and smart. Rossini at best. 
Forget factory? What about output? Birlefco here, 
Birlefco there—clever and smart. Hardening here, 
sintering there. Got a bargain from Birlefco. Clever 
and smart. Pre-heating here, hot-forming there. 
Increased output. Clever and smart. induction 
heating power unit at give-away price. Six going 
cheap. Clever and smart. Birlefco here, Birlefco 
there. Power unit, like fears for production, without 
foundations. Compact and smart. There are five left, 
or were when we scribbled this advertisement. 
Better be clever and smart. 


BIRLEC-EFCO (MELTING) LIMITED, 
Westgate, Aldridge, Staffs 
Telephone Number: Aldridge 5207! 











HEAT 
TREATMENT 


Specialised services offered for the treat- 
ment of raw and semi-finished ferrous 
metals 





@ MANGANESE STEEL CASTINGS 

@ PLAIN and ALLOY STEEL FORGINGS 
G. IRON CASTINGS 

@ BLACKHEART MALL. CASTINGS 

@ STEEL BARS - BILLETS - SHEETS 


ANNEALERS LIMITED 


PENISTONE ROAD - SHEFFIELD 6 
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FORGED-AIR FURNACES 
BY 


Simplified construction improves 
performance and keeps cost down 





What’s more, there is no sacrifice of quality. 
Construction is rugged; high grade materials 
are used throughout; control is fully automatic 
and the latest safety devices are incorporated. 
The centrifugal fans are large enough to cope 
with the densest loads, and temperature vari- 
ation is practically nil when working on 
control. 

Little maintenance is required. All working 
parts are easily accessible, and element replace- 
ment is quick and simple, no major dismant- 
ling being required. 

These furnaces have a wide range of applica- 
tions, and will deal quickly and accurately 
with both dense and loose loads. 


ELECTRIC VERTICAL 
Forced-Air Circulating Furnace 

Work container: 36° diameter x 36° deep. 

Rating: 60 kW. Electric hoists and quench 

tanks are available as extras if required. 

Horizontal model also available 
Full details of these furnaces and of our 
full range are readily available. Please 
write now. 


HEDIN LIMITED 


INDUSTRIAL HEATING SPECIALISTS 
Commerce Estate, S. Woodford, London, E.18 
Telephone: BUCkhurst 6601-3 
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Dust & Grit 
Collectors 


A new addition to the range of 
A. & O. dust and grit collectors 


january, 1960 











This photograph shows an Alidays & Onions UF/! 
Dust Collector, primarily for use with hearths and 
designed to meet the requirements of the Clean Air Act. 
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GREAT WESTERN WORKS © BIRMINGHAM 11 


London Office 


Phone: ViCtoria 2251-4 


2 Queen Anne’s Gate, Westminster. London, $.W.! 
Phone: WHitehal! 1923/4/5 
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EFCO ‘KNOW-HOW’ AT BERKELEY...... 


Reactor 
pressure vessel 
stress relieving 

installation 
planned, erected 


and supervised 





Efco heating equipment inside 
the world’s largest reactor pressure 
vessel ever to be stress relieved 


ELECTRIC RESISTANCE FURNACE CO., LTD. 


NETHERBY, QUEEN'S ROAO, WEYBRIDGE, SURREY Weybridge 3891 
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150 Brosius Manipulators now in use 
throughout the world carry out all 
the manipulation necessary during 
forging, saving manpower and time 

The smallest Manipulator will 
handle pieces up to 2,000 Ib. in 
weight. A wide range of designs are 
available, the maximum being 
suitable for pieces up to 20,000 Ib 


in weight 



















































































metal treatment 


and Drop Ferging 


FORGINGS 


gineering ji 


En 
















































































cand 
— 
—_ 
= 
— 
— 
_ 
ce 
— 
= 
= 
= 
_— 
— 
— 
a 
os 
a 
= 
nm 


a 
- 
b 
z 
~ 
a 
9° 
“ 
a 
z 
< 
rn 
”“ 
z 
° 
x 
= 
— 
a 
x 
b 
xa 
~ 
oa 
x 
b 





metal treatment 
and Drop Forging 


26 january, 1960 





left- and right-hand die halves at the same time 
AUTOMATIC from the same model. Copying is accurate 


Reverse image attachment copy mills both 


to within .002", fully automatic and needs no 


HYDROCOPYING supervision. 360° profiles can be produced 


without using a rotating table and feed 


DIE SINKING is constant —and on vertical contours up to 90°. 
Light feeler pressure permits the use of 


MACHINE KA200 “Berne 


Write for 
technical 
brochure 

MT/172 


Standard table sizes up to 924" x 254". 
One, two, four or six spindles. 


A two-spindie machine is available 
for immediate delivery. 


SOLE U.K. DISTRIBUTORS: 








DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone : WESTERN 8077 (8 lines) Teltegroms ; ACCURATOOL MAMMER LONDON 
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SHELL-MEX AND B.P. GASES 


carry weight in industry 
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erators producing special 
for gas carburizing « 

ring Company Limite 


Birlec G 
atmospheres 
E.N.V. Enginee 


Propane and Butane are now available to 
industry from the great British refineries 
of the Shell, Eagle and BP Groups. 

They are petroleum gases delivered and 





stored as liquids under moderate pressure. 
Propane supplied by Shell-Mex and 

B.P. Gases Limited provides industry not 
only with a high calorific value fuel gas 
(approximately 2,500 B.t.u./cubic foot) but 
also with an excellent medium for the 
production of special furnace atmospheres. 
It is widely used for gas carburizing, 
carbonitriding and bright annealing of 
ferrous and non-ferrous metals. 
*‘Bottogas’ Gutane is used as a fuel 

Why for fork lift trucks and for many other 
specialised applications. 


SHELL-MEX AND B.P. GASES LIMITED 


CECIL CHAMBERS .- 76-86 STRAND - LONDON WC? Telephone TEMple Bar 1234 
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Heat treatment furnaces 
with special features 
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‘‘Fulload”’ 


furnaces 





Photo by courtesy of 


offe r Messrs. Lioyds (Burton) Limited 
e* « ® 


Maximum efficiency with minimum fuel consumption. The 
unique exhaust flue arrangement in the bogie hearth ensures 
speedy heating of the load, constant temperature in the 
furnace and the elimination of cold areas in the heating zone. 
We supply furnaces for all purposes and all fuels, batch type 


or continuous. 
For further particulars 


ask for leaflet 47. 














Builders of 


INDUSTRIAL 
FURNACES 





MODERN FURNACES 











MD A 


BOOTH STREET, BIRMINGHAM 21, phone : SMEthwick 1591-2 grams: Mofustolim, B’ham 21 
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NEWALL BRANDED BOLTS 


Newall Hitensile ... Newalloy ... Newallastic... Newall Hi-tem 
are recognised by engineers as having unique qualities. We 
shall be happy to supply any engineer designer who is interes- 


ted with details of the various bolts and studs, which cover the 
full range of modern requirements. 


A PNEWALLSCO.LTD. 
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PLANISHING! 
SETTING! 


to meet an 
increasing 
re CTaak ale 
for closer ae 
tolerances. Self-contained — 


No Foundation 


























Automatic Cycle— 





Hydraulic Press 


* 21 Units Range : 500-750-1000 tons 
operating in 
Midland forges alone. 


Hydraulic Engineering 
Designs also inciude :— 


Heavy Duty Forging Presses for hot work up to 1500 tons 
capacity. High Speed Presses for cold flow forging up to 
1500 tons capacity. Cold Die Hobbing Presses up to 5000 tons 
capacity. Straightening and Bending Presses. Hot Plate 
plastic moulding—baling—axle and special purpose 

presses to customers’ individual specifications. Hydraulic 
Pumping Gear, accumulators and installations, etc 


HYDRAULIC 


ENGINEERING COMPANY LTD. 


WORKS AND HEAD OFFICE: TELEPHONE CHESTER 21441 (3 lines) 

LONOON OFFICE: TRAFALGAR HOUSE, WATERLOO PLACE, PALL MALL, 8.W.1. TELEPHONE: WHITEHALL 9384 
MIDLAND REPRESENTATIVES: JOHN DODD & CO., 58 AVON CRESCENT, STRATFORD ON AVON 
TELEPHONE STRATFORD ON AVON 3974 
Northern Counties: JAMES FORD & PARTNERS LTD.. 24 THE GROVE, GOSFORTH, NEWCASTLE-UPON-TYNE, 3 
TELEPHONE GOSFORTH 53338 & 56288 
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AUTOMATIC AIR-GAS 
PROPORTIONING AND 
MIXING MACHINES 


For preparing and delivering combustible or non- 
combustible mixture. The gas system of outstanding 
merit for furnace and kiln firing, direct flame heating 
processes, and protective atmosphere generation 





For unified proportional flow con- 
trol with double pipe line burner 


systems 


Manual or automatic operation 


a\® 


"tea SELAS GAS & ENGINEERING GO. LTD. 


FURNACE FIRING GAS BURNERS 
A wide variety of different and distinct types 


for use with all clean gases and to suit any 





combustion system 





- CLASSES OF THERMAL ENGINEERING SELAS WORKS, CITY ROAD, MANCHESTER 15 
EQUIPMENT, APPLIANCES AND / 
ACCESSORIES. PHONE: MANCHESTER : CENTRAL 2648 & 2649 


GRAMS AND CABLES : SELASGAS, MANCHESTER 
LONDON OFFICE : 
16 GROSVENOR PLACE, S.W.1. PHONE: SLOANE 7803 & 9818 


Catalogue gladly sent 
upon request. 


-* 
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ABBEY HEAT 
chaclond TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
for ° 


a J H T 
HEAT TREATMENT Specialized Heat Treatment 


in our NEW Capacity Furnace 





facilities 


The th he eccinen with non-oxidizing atmosphere 
plant is one of the most 
modern and comprehensively e 
cumsees in the 4 area. 
acilities include full metal- r 
lurgical control, quenching SPECIALLY DESIGNED for the heat 
press equipment and electric- - 
ally controlled flame harden- treatment of high temperature alloy 
ing machine. . 
Enquiries for heat treatment materials up to 1,300° C. 
of production quantities are 
invited. 
* 
E.N.V. ENGINEERING CO. LTD Enquiries will be dealt with personally by our 
Hythe Road, Willesden, N.W.10 Technical Staff - Ring CHERRYWOOD 2291/2 


Velephone: LADbroke 3622 ALD. DILARM. LEME. & ARB. Approved 
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Write for publications No. 130! /1 CALORIZING, No. 1638 CALMET to 


THE GALORIZING CORPORATION OF GREAT BRITAIN LTD 


Lynton House, 7/12 Tavistock Square, London, W.C.!. Telephone: EUSton 432! 
WORKS: RENFREW AND DUMBARTON 
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| CIRCULAR CONVECTION HEATED 





TEMPERING 
OVEN 
This has a working 


chamber 7'6” dia. x 26” high and 
incorporates a recirculation sys- 
tem consisting of external direct 
gas fired heater and fan. It operates 
at a temperature of 165°C and is 





used for tempering gear rings 
which are loaded horizontaily 
with spacers between. Extremely 
close temperature uniformity is 
obtained. A lift-off type cover 
with sand seal affords ease of 
handling of charges. 


DOWSON & MASON LTD 66 
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Cut your finishing costs on 
DIE SINKING 

By using the 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 

which have achieved an enviable reputation for 

reliability since their introduction 21 yrs. ago. 

AJAX JUNIOR, |00,000 r.p.m. for Stones 
#:” to 3” dia. 

AJAX MK. I1l, 50,000 r.p.m. for Stones 
}" to 3” dia. 

BRIGGS MK. II, 28,000 r.p.m. for Stones 
4” to |” dia. (deep reach) 

BRIGGS MK. V, !0,000 r.p.m. for Stones 
1}” to 2° dia. 

Literature on request from Menufecturers 

BRIGGS BROS. (ENGINEERS) LTD. 

206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 




















THOMAS ANDREWS 


AND COM PANY LIMITED 
High-Grade Steel Makers 


“ ” HIGH SPEED STEELS 
MONARCH HOT & COLD DIE STEELS 
TOOL HOLDER BITS 

“ ITE CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 

“HELVE™ 


RoYOoS 
HARDENITE 
ATTERCLIFFE 





( CARBON TOOL STEEL fo: 
) CHISELS, PUNCHES, &e. 








WORKS AND 
STEEL WORKS 
ROAD, SHEFFIELD 4 


Export Department 
THE HARDENITE STEEL COMPANY LIMITED 


Telephone 
Sheffield 22/3) 


Telegrams: 
Shaking, Sheffield, 4 
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facilities 
for 
HEAT TREATMENT 


The ENV heat treatment 
plant is one of the most 
modern and comprehensively 
equipped in the London area. 


Facilities include full metal- 
lurgical control, quenching 
press equipment and electric- 
ally controlled flame harden- 


ing machine. 

Enquiries for heat treatment 
of production quantities are 
invited. 


E.N.V. ENGINEERING CO. LTD 
Hythe Road, Willesden, N.W.10 
Telephone : LADbroke 3622 








ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
« 


Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 

« 


SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 


Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD 2291/2 


Ai.D. D.LARM. LEME. & ARB. Approved 
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Heat-resisting alloy steel Castings 


oxidation resistance combined with 
load strength at high temperature 
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| CIRCULAR CONVECTION HEATED 





TEMPERING 
OVEN 
This has a working 


chamber 7’6” dia. x 26” high and 
incorporates a recirculation sys- 
tem consisting of external direct 
gas fired heater and fan. It operates 
at a temperature of 16¢°C and is 
used for tempering gear rings 
which are loaded horizontally 
with spacers between. Extremely 
close temperature uniformity is 
obtained. A lift-off type cover 
with sand seal affords ease of 
handling of charges. 
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Cut your finishing costs on 
DIE SINKING 

By using the 
BRIGGS - AJAX 

Range of 
AiR GRINDERS 

which have achieved an enviable reputation for 

reliability since their introduction 21 yrs. ago. 

AJAX JUNIOR, | 00,000 r.p.m. for Stones 
#” to 2” dia. 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
}” to 3” dia. 

BRIGGS MK. Il, 28,000 r.p.m. for Stones 
3” to |” dia. (deep reach) 

BRIGGS MK. V, !0,000 r.p.m. for Stones 
1}” to 2” dia. 

Literature on request from Monufacturers 

BRIGGS BROS. (ENGINEERS) LTD. 

206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 














THOMAS ANDREWS 


AND COMPANY LIMITED 
High-Grade Steel Makers 


"“ ” HIGH SPEED STEELS 
MONARCH HOT & COLD DIE STEELS 
TOOL HOLDER BITS 

“HARDENITE CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 

“HELVE™ 


ROYODOS WORKS AND 
HARODENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD 4 





( CARBON TOOL STEEL fo: 
' CHISELS, PUNCHES, &c. 








Export Deportment 
THE HARDENITE STEEL COMPANY LIMITED 


Telegrams: 
Shaking. Sheffield, 4 


Telephone 
Sheffield 2213) 
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STAINLESS STEEL ABRASIVE RESISTING 

HEAT RESISTING HEAT & ABRASIVE RESISTING : 
CYANIDING POTS HIGH SPEED TOOL, Die 
CASE HARDENING BOXES & SPECIAL ALLOY STEELS | 
CAST IRON, BRASS, GUN METAL also STAINLESS STEEL ROAD | 
PHOSPHOR BRONZE, ALUMINIUM ere. LINES, STUDS & SIGNS . . . 


HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO”’ castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M.0.S. approved inspection facilities installed 
joutine X-ray contro! 


He Sohason Feet Ad 


Regd. Office 
BROADFIELD RD., SHEFFIELD 8 
Telephones : 52431 4 
Office and Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry : Aiziewood Road, Sheffield 
Machine Shops: Broadfield Read, Sheffield 
London Office : Central House, 
Upper Woburn Place, W.C.! 
(EUSton 4086) 

Glasgow Office : 93 Hope Street, C.2. 
(Central 8342/5) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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Burbidge, H., & Son Led Granby, Paul, & Co Priest Furnaces Ltd 36 
Burdon Furnaces Ltd G.W.B. Furnaces Led iS 
Sawbridge & Co 
Calorizing Corporcion cf Great Hadfields Ltd Selas Gas & Engineering Co. Led 3! 
Britain Led. (The) 32 Head Wrightson Machine Co. Led. 24 Shell-Mex & B.P. Gases Led 27 
Cambridge Instrument Co. Led Hedin Led 22 Siemens-Schuckert (G.B.) Ltd 4 
Coventry Machine Tool Works Ltd. 12 Herbert, A., Led Sifam Electrical instrument Co. Led 
Cronite Foundry Co. Ltd. (The) 35 Honeywell Controls Led Smethwick Drop Forgings Ltd 
Hydraulic Engineering Co. Ltd 30 Somers, Walter, Led 2 
Delapena & Son itd Special Stee! Co. Led : 
Dohm Led LC.l. Led Stein, John G., & Co. Ltd 6 
Doncaster, Daniel, & Sons Led incandescent Heat Co. Ltd. (The) 
Dowding & Doli Ltd 26 Integra, Leeds & Northrup Ltd Thermic Equipment & Engineering 
Dowson & Mason Ltd 33 Co. Ltd 
Jessop-Saville Led Thompson, joseph, (Sheffield) Ltd 
Efco-Edwards Vacuum Metallurgy Johnson Foster, H., Led 34 Thompson L'Hospied & Co. Ltd 
Led 
Electric Resistance Furnace Co. Led. 23 Kelvin & Hughes (Industrial) Led Vacuum Industrial Applications Ltd 
Electrical Development Assn 19 Kiveton Park Stee! & Wire Works Vaughan, Edgar, & Co. Ltd 
Electro Heat Treatments Ltd Led 
Embassy Machine & Too! Co. Ltd 7 Wickman Ltd 
English Electric Co. Led Lafarge Aluminous Cemen. Co. Ltd Wierin, Henry, & Co. Led 
English Stee! Corporation Ltd Letchworth Heat Treatment & Witd-Barfield Electric Furnaces Led. 3, 18 
E.N.V. Engineering Co. Led 32 Hardening Co. Ltd Wilkins & Mitchell Led it 
Etchells, D., & Son Led Workincton iron & Stee! Co 
Ether Led 10 Manchester Furnaces Led Wykeham, W., & Co. Led. 
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